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INTRODUCTION 
The literature on social behavior documents the hormonal and phero-
monal influences on sexual behavior and aggression. Several lines of 
evidence indicate that endocrine organs play a major role in the deter­
mination of aggressive and sexual behavior. The presence of androgens 
appears to be a prerequisite for the development and maintenance of ag­
gressive behavior (Beeman, 1947; Scott and Fredericson, 1951), since 
castration is followed by a reduction in aggressiveness in rodents and in 
other mammals, while exogenous androgen-replacement therapy results in its 
restoration (Beeman, 1947; Scott and Fredericson, 1951; Luttge and Hall, 
1973a,b). The relationship between androgens and aggression depends upon 
the species studied, the dosage of androgen used, the sex of the animal, 
and environmental stimuli. 
Aggression is enhanced by isolating animals several weeks before ag­
gressive encounters. Bevan et al. (1958) found that masculinization by 
testosterone administration of isolated female mice was ineffective in in­
ducing aggressive behavior, whereas feminization of males prevented the 
effect of isolation and also inhibited aggression in previously aggressive 
mice. 
Androgens apparently modify the fighting behavior of isolated males 
by influencing the production of olfactory cues (Mugford and Nowell, 
1970). Hormones are thought to lower the threshold for aggression-
eliciting cues (Sigg, 1969). 
It is apparent from studies in mammals that pheromones play a role in 
communicating a number of social messages. Bronson and Caroom (1971) 
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found that preputial secretions of male mice attract females. Preputial 
gland are affected by the endocrine status of the male since females were 
not attracted to castrates. Orsulak & Gawienowski (1972) found that males 
were attracted only to preputial secretions of estrous female rats. The 
urine of male mice contains a pheromone which increases the aggressiveness 
of other males (Mackintosh and Grant, 1966). The aggressive response does 
not persist after castration, thus Mugford and Nowell (1970) concluded 
that production of this perhomone depends upon androgens. Testosterone 
propionate induces an increase in aggression of intact males toward cas­
trated males scented with intact male urine, whereas when castrated males 
were scented with the urine of ovariectomized females aggression toward 
them was reduced (Mugford and Nowell, 1971a). The relationship between 
aggression and olfaction is supported by studies of Ropartz (1968b) who 
found that olfactory bulbectomy abolished fighting in previously aggres­
sive mice. 
The preputial gland represents an androgen-dependent organ that has 
been considered a source of a pheromone which is involved in aggression. 
Mugford and Nowell (1972) found that preputialectomy decreased aggression 
in males. Mugford and Nowell (1971b) postulated that male mice preputial 
glands secrete pheromones which are aggression-eliciting. Bronson and 
Caroom (1971) and Orsulak and Gawienowski (1972) postulated that the male 
preputial glands function in sex recognition since females are attracted 
to secretions of the male preputial gland. These findings suggest that 
preputial glands function in both sex attraction and el ici tation of ag­
gression. 
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Other mammalian skin glands have been postulated to produce olfactory 
signals which communicate a social message. Examples of such glands are 
the Harderian glands of the Mongolian gerbil, the oral angle gland of 
microtine rodents, the tarsal gland of the black-tailed deer and the sub-
auricular gland of male pronghorns. The functioning of these exocrine 
glands depends upon hormones and environmental conditions which might 
modulate hormonal levels. 
The purpose of this study was to investigate some hormonal, phero-
monal and environmental influences on the social behavior of the prairie 
vole, Microtus ochrogaster. The research included a comparison of the ag­
gressive behavior of animals treated with testosterone propionate with 
those in which the gonads, preputial and oral angle glands were removed. 
Female voles were subjected to reduced temperature and photoperiod to 
study the effects of winter conditions upon the function of the hormonal 
and pheromonal glands affecting aggressive behavior. 
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LITERATURE REVIEW 
Social behavior is that "behavior which influences or is influenced 
by, other members of the same species" (Barnett, 1963). Social behavior 
involves reproductive activity, behavior which brings animals together, 
and all intraspecific conflict (Barnett, 1963). Many authors limit the 
term, social behavior, to behavior involving sign stimuli which function 
to regulate interorganismal distance, timing or sequencing of acts involv­
ing conspecifics, or when conspecifics act in concert to effect changes in 
their environment beneficial to the individual animal and the group as a 
whole (Barnett, 1963; Eibl-Eibesfeldt, 1970; Manning, 1972). Mating, 
feeding, caring for the young, defense against predators, and the selec­
tion of an appropriate environment all provide opportunities for inter­
actions between animals. 
During the course of the evolution of many species of animals, sets 
of specific "sign stimuli" have been developed (Manning, 1972). These 
"sign stimuli" are derived from characteristic behaviors of the species; 
each individual stimulus is associated with a specific response in the 
other animal. Behavioral signals may elicit approach or retreat behavior 
in a conspecific or induce a response which maintains proximity or dis­
tance between the interacting species members (Eibl-Eibesfeldt, 1970). 
This review is not intended to exhaustively cover all the factors 
which influence aggressive and reproductive behavior, but rather focuses 
on the environmental, hormonal and pheromonal factors involved. For addi­
tional information in this area, the reader is referred to the following: 
Seward (1945a), Beeman (1947), Scott and Fredericson (1951), Grant (1963), 
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Grant and Mackintosh (1963), Scott (1966), Eibl-Eibesfeldt (1970) and 
Bronson and Desjardins (1971). 
Aggression 
Aggression is not a unitary concept, but a broad class of complex 
behavior patterns. Therefore, no strict definition of aggression has been 
accepted, but many theories have been postulated. Several theories are 
listed below to show that aggressiveness is thought to be modified by both 
internal and external stimuli. Freud and Lorenz conceived aggression as a 
dynamic instinct (see Mitscherlich, 1957), Lorenz (1963) noted "the in­
stinctive basis of aggression as well as its species-preserving func­
tions." According to his theory, "aggression is a true instinct with its 
own endogenous excitatory potential and the appropriate appetitive behav­
ior." Ardrey (1966) presented evidence which supports the Freudian-
Lorenzian instinct concept of aggression. 
Dollard et al. (1939) hypothesized that aggressive behavior is the 
result of frustration, "frustration being an impediment, or external in­
fluence which interrupted striving toward a goal." This concept depicts 
aggression as being of a reactive nature and not the expression of a spon­
taneous drive. Berkowitz (1962) and Montagu (1962) agree with this 
theory. Craig (1928) maintains that there is no appetitive behavior for 
fighting; an animal merely defends its interest. In Craig's view, an 
animal's aggressiveness is expressed by its reactions to aggression-
eliciting stimuli. 
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Scott (1966) demonstrated that aggressive behavior certainly can be 
influenced by experience. He produced aggressive mice which were able to 
win fights repeatedly. Ginsburg and Allee (1942), Scott and Fredericson 
(1951), Kahn (1951), and Uhlrich (1938) demonstrated experimentally that 
winning fights consistently makes mice aggressive and that losing de­
pressed their aggressiveness. Thus, Scott (1962) states that aggressive 
behavior is learned. Defensive fighting can be stimulated by pain and at­
tack, but aggression of an unprovoked attack is only produced by training. 
Finally, Lagerspetz and Worinen (1965) demonstrated the genetic con­
trol of aggression when they took the young mice from an aggressive line 
and put them with a docile mother, and placed docile mice with aggressive 
mothers. The aggressive young raised by a docile mother had the highest 
aggression scores. 
Eibl-Eibesfeldt (1970) states that "fixed-action patterns, releasing 
mechanisms and releasing signals have evolved in the 'service' of intra-
specific aggression." Eibl-Eibesfeldt (1970) states that clear fluctua­
tions were shown in an animal's readiness to fight which were not neces­
sarily related to corresponding fluctuations in the environment. 
Rothballer (1967) states that "male sex hormones influence the readiness 
for aggressive behavior in the adult animal, as well as in the organiza­
tion of the neural structures during early ontogeny. Thus, experimentation 
strongly suggests that inborn drive mechanisms underlie aggression." 
For the purpose of the present investigation the definition of ag­
gression by Scott (1958) has been adopted. Scott states that "aggression 
7 
refers to fighting and means the act of initiating an attack." Isolation-
induced intermale and interfemale aggression were investigated. 
Kinds of aggression 
The response patterns that animals display in different aggression-
inducing situations vary. Several authors have pointed out (Wasman and 
Flynn, 1962; Roberts and Kiess, 1964; Hutchinson and Renfrew, 1966) that 
the topography of behavior in predatory attacks by the cat differs from 
that which is referred to as "affective." Predatory attacks involve 
little emotional display. Tinbergen (1953) noted that deer use their 
antlers when fighting other male deer, but use their hooves in defense 
against predators. 
The type of aggression may also be differentiated on the basis of 
stimulus situations which evoke attacks. For example, the male mouse will 
fight another male, but generally does not attack females (Scott and 
Fredericson, 1951). The rat will attack strange rats, but seldom group 
members (Barnett, 1963). 
On the basis of the kinds of stimuli situations the following classes 
of aggression were suggested by Moyer (1968): predatory aggression, in-
termale aggression, fear-induced aggression, irritable aggression, terri­
torial defense, maternal aggression, and instrumental aggression. 
The Role of Aggressive Behavior 
Individual aggression, as depicted by threatening and fighting, plays 
a central role in vertebrate populations and societies (Johnson, 1972). 
Col lias (1944) states that "aggressive behavior can be regarded as aso­
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cial, in that it acts to prevent, decrease, or disrupt the integration of 
vertebrate societies; or it may be referred to as social in that it fur­
thers the integration and organization of such societies." Cooperation, 
as shown by the large number of social and subsocial aggregations, is more 
widespread among vertebrate animals than aggression. 
The degree of social integration within a species is a factor of the 
aggressiveness of its members. In a flock of hens an initial period of 
fighting and social instability is followed by the formation of a highly 
rigid social order (Collias, 1944). 
In the social aspect, aggression may assist in group organization. 
Here it may help set up social barriers which limit the size of a group so 
as to maximize effective group organization. Collias (1944) states that 
"the arrangement of social groups according to the degree of integration 
shows that as intragroup aggression decreases, cooperation in intergroup 
aggression increases; thus, an increase in the amount of social service." 
For example, cuckoos gradually change from defense of individual pair 
territories to cooperative defense of communal territories. During the 
nonbreeding season, cuckoos live in communities and function as a communal 
group in defending their territory against the invasion of conspecifics or 
predators. Individual aggression in vertebrates is generally associated 
with territory and dominance hierarchy (Collias, 1944; Maier and Maier, 
1970; Manning, 1972). Individual aggression functions to maximize the 
welfare, survival, and reproduction of individuals. 
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A Model of Hormones and Behavior 
Leshner (1975) devised a model describing the relationship between 
hormones and agonistic behavior (Figure 1). In his model he showed how 
the baseline hormonal state of the animal prepares its sensory receptors 
and the neural processing mechanisms which control the responses to en­
vironmental or excitatory stimuli. The baseline hormonal state of the 
animal controls the way in which stimuli are perceived and determines how 
intensely the animal reacts to the excitatory stimuli. Both the experi­
ences of an animal in a given situation and the behavior which it under­
takes produce further hormonal changes through the effects these experi­
ences exert on neural activity. The hormonal state of an animal is repre­
sented by changes in its behavior, which are characterized by alterations 
in its reaction to external stimuli. In aggressive situations the excit­
ing stimulus is another animal; when the behavior of one animal changes, 
so should the reactions of the opposing animal change in response to the 
exciting stimulus. Therefore, Leshner (1975) states that "the animal's 
behavioral and physiological reactions to stimulation feed back and modify 
both the continuing and future behavioral patterns and the eliciting 
stimuli." 
Hormones and Aggression 
Intermale fighting behavior is influe, ced by the brain-pituitary-
gonadal axis. Intermale aggression does not appear until puberty in mice 
(36 days) (Fredericson, 1950), and in rats (60-65 days) (Seward, 1945a). 























Figure 1. A model of hormone-agonistic interactions (Leshner, 1975). 
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hibit intermale aggression (Levy and King, 1953). The presence of andro­
gens appears to be a prerequisite for the development and maintenance of 
aggressive behavior (Beeman, 1947; Scott and Fredericson, 1951; Tollman 
and King, 1956; Sigg et al., 1966), since castration is followed by a re­
duction of aggressiveness in rodents and other mammals, while exogenous 
androgen-replacement therapy results in its restoration (Uhlrich, 1938; 
Beeman, 1947; Scott and Fredericson, 1951; Bevan et al., 1957; Yen et al., 
1962; Davis, 1964; Sigg et al., 1966; Edwards, 1969; Suchowsky et al., 
1969; Luttge, 1972; Luttge and Hall, 1973b). Working more indirectly, • 
Sigg (1969) has shown that hypophysectomized male mice do not become ag­
gressive following isolation as would be expected if the adenohypophyseal-
gonadal axis were operative. 
Many studies (Bevan et al., 1958) point out that there is not a 
simple relationship between androgens and aggression, in that the response 
depends upon the species studies, the susceptibility to isolation-induced 
aggression and the dosage of androgens used, among other factors. 
Effects of testosterone propionate on aggression 
Many of the studies dealing with the effects of exogenous testoster­
one on behavior have focused on the hormone's action as a replacement for 
deficient production after castration, or its development on neonatal sub­
jects. Fighting among intact males, if it occurs, usually begins about 
the time of puberty, as androgen concentration in the blood is increasing 
(Fredericson, 1950; McKinney and Desjardins, 1973). Aggressive behavior 
may be induced earlier by injecting testosterone (Levy and King, 1953; 
Lagerspetz, 1969). Testosterone given to adult female mice does not en­
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hance their aggressiveness (Tollman and King, 1956; Levy, 1954) unless 
these females have been experimentally androgenized during neonatal life 
(Bronson and Desjardins, 1968; Edwards, 1968). 
Gray (1971), in a review of the endocrine basis for sex differences, 
noted that once nonsexual patterns of male behavior became fixed, addi­
tional exogenous androgens have no further marked behavioral effects. 
Suchowsky et al. (1969) reported that exogenous testosterone does not in­
crease levels of aggression in intact adult male mice. 
In contrast, several studies have demonstrated the importance of male 
sexual hormones in stimulating aggressive behavior (Seward, 1945a,b); 
Beach, 1945; Beeman, 1947). Edwards (1969) studied male and female Swiss-
Webster mice which were gonadectomized at 30 days of age; testing began at 
60 days of age. Prior to the first test the animals were injected with 
oil and prior to all other fighting tests TP was given to castrated males 
and females. Testosterone propionate injections increased the fighting 
behavior of castrated adults. 
Frequency of fighting among female mice may be increased to that of 
male levels by giving injections of testosterone early in life, and by 
injecting the same hormone concurrent with behavioral testing in adulthood 
(Bronson and Desjardins, 1971). Bronson and Desjardins (1971) showed that 
83% and 96% of pairs of intact adult male C57BL/6J mice will fight at 
least once in three consecutive daily encounters after being maintained in 
isolation since weaning. Females of this strain, treated and tested in 
the same manner, showed 4% and 16% fighting. Bronson and Desjardins 
(1970) found that one hundred percent of intact female pairs exhibited 
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masculine fighting behavior following a single injection of 600 ug of TP 
on the day of birth and then given 200 yg/day when they were being tested 
as adults. Edwards (1968) gave ovariectomized females 500 ug testosterone 
propionate on the day of birth. They were again given the same dose daily 
when they were tested for aggressiveness as adults, and over 95% of the 
females fought. Thus, previously cited experiments demonstrated that the 
large differences in aggressiveness between the sexes were reduced by giv­
ing injections of testosterone to females at birth and by providing an 
exogenous source of the same hormone in adulthood. In addition, castra­
tion of males on the day of their birth rendered them unresponsive in an 
aggressive situation during adulthood, regardless of the presence or ab­
sence of circulating androgen at the time (Bronson and Desjardins, 1969). 
Questions have been raised as to whether androgenic effects of tes­
ticular secretions on tissues, behavior, and gonadotrophic secretion are 
due to the presence of testosterone or another androgen. In peripheral 
target tissues, as well as in the brain, testosterone is accumulated and 
metabolized to form a variety of other androgens, including dihydrotestos-
terone and androstenedione (Appelgren, 1971; Bruchovsky and Wilson, 1968a, 
b; Jaffe, 1969; Perez-Palacias et al., 1970; Sholiton and Werk, 1969; 
Whalen and Luttge, 1971a). Dihydrotestosterone has been shown to be ac­
tive in feedback regulation of gonadotrophic secretion and peripheral tar­
get tissue maintenance, but it appears to have little effect in rats in 
influencing sexual behavior or perinatal neural sexual differentiation 
(Luttge, 1972; Luttge and Whalen, 1970; Swerdloff et al., 1972; Whalen and 
Luttge, 1971a,b). Testosterone and androstenedione, in separate studies. 
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have each been shown to activate fighting behavior in mice (Bevan et al., 
1957; Erpino and Chappelle, 1971; Suchowsky et al., 1969). While studying 
castrated CD-I mice, Luttge and Hall (1973a) found that testosterone was a 
much greater activator of aggression than either androstenedione or 
dihydrotestosterone. Swiss-Webster adult male mice were given testoster­
one, androstenedione, and dihydrotestosterone; the dosage was increased 
from 100 yg/day to 600 ug/day in succeeding doses. In comparing the 
Swiss-Webster males with an earlier study using CD-I males, Luttge (1972) 
and Luttge and Hall (1973b) found several differences. Both the intensity 
and probability of fighting were greater in the CD-I mice than in the 
Swiss-Webster mice. Luttge and Hall (1973b) showed that agonistic behav­
ior in Swiss-Webster mice can be induced with testosterone and, to a 
lesser but significant extent, with dihydrotestosterone and andros­
tenedione. These results emphasize the fact that different hormonal 
metabolites are effective in the induction of different behaviors. Luttge 
and Hall (1973a) also stated the danger in extrapolating behavioral data 
from one strain to that of another, since different strains have different 
hormonal requirements for the activation of their behavior. 
Effects of hormones other than testosterone on aggression 
Androstenedione is present in the testes of neonatal rats, but it is 
not detectable in the plasma until the approach of puberty (Resko et al., 
1968). It is not known for any species whether or not this androgen can 
function in either an organizing role or in the enhancement of aggression 
in normal adult mice (Bronson and Desjardins, 1971). Suchowsky et al. 
(1969) reported that methyl-testosterone, as well as testosterone, was 
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effective in restoring aggression in isolated, castrated mice. Bevan et 
al. (1957) reported that androsterone was effective at low doses in in­
creasing aggressiveness in castrated males, but that it suppressed aggres­
sion at higher doses. Edwards and Rowe (1975) acknowledged that all 
androgens are equally potent activators of aggressive behavior in cas­
trates. Testosterone propionate is a synthetic androgen which reliably 
induces aggression in castrates at doses between 50-100 yg per day 
(Edwards, 1969). Testosterone is also effective in arousing aggressive­
ness in castrates (Luttge, 1972). 
Any manipulation of the blood chemistry which results in a reduction 
in the androgen level elevates the threshold for aggressive tendencies 
(Moyer, 1976). Castration as a means of accomplishing androgen reduction 
has been repeatedly reported to reduce fighting in animals (Beeman, 1947; 
Seward, 1945b; Sigg, 1969). Although this effect is not always found 
(Karli, 1958), there are indications that the age of the animal at the 
time of castration may influence the behavioral effects produced by cas­
tration. 
There are several substances which have demonstrated antiandrogenic 
activity (Lerner, 1964). Norprogesterone (Lerner et al., 1960), and 
cyproterone acetate (Neuman et al., 1968) have been shown to be potent 
antagonists of androgens. In intact animals, the administration of these 
substances brings about effects similar to those of castration (Neuman et 
al., 1968). Clark and Birch (1945) found that aggressiveness was reduced 
by administering estrogen to male chimpanzees. When testosterone propi­
onate and estradiol were administered simultaneously to mice, the manifes­
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tation of aggression was negligible; however, aggression appeared after the 
suspension of treatment (Suchowsky et al., 1969). Suchowsky et al. (1969) 
concluded that an androgenic effect may be masked or inhibited by estro­
gens, since the suspension of estrogen-treatment leads to the manifesta­
tion of the androgenic effect on aggression. Pregnane derivatives were 
found to be less potent inhibitors of aggressiveness than estrogens 
(Suchowsky et al., 1969). 
Existing studies reveal that estrogen is not effective in influencing 
aggressiveness in adult female mice, but that it does increase aggressive­
ness in the female monkey (Birch and Clark, 1946; Michael, 1969) and fe­
male hamsters (Kislak and Beach, 1955). Ovariectomy in mice is also with­
out apparent effect on spontaneous aggression (Levy, 1954). 
Effect of Isolation on Aggression 
Diverse behavioral differences have been demonstrated to accompany 
the effect of isolation on mice, among these have been observations of in­
creased excitability and aggressiveness (Allee, 1942b; Scott, 1947; Yen et 
al., 1959; Weltmann et al., 1966; Charpentier, 1969; Valzelli, 1969; Sigg, 
1969) and increased locomotor activity levels (Essman and Frisone, 1966; 
Essman, 1966). 
Isolation-induced aggression is brought about by the animal reacting 
physiologically to an unusual environmental situation, e.g., separation 
from litter mates. Following the observations of Allee (1942a,b) Scott 
(1946; 1962) and Seward (1945a,b; 1946) concerning the behavior of iso­
lated mice. Yen et al. (1959) established suitable conditions for inducing 
17 
aggressiveness in mice. Isolated albino mice developed a behavior pattern 
that progressed from an initial stage of hyper-reactivity to unusual 
stimuli to aggressiveness (Valzelli, 1969). The isolation method for in­
ducing aggression is advantageous in that it does not require any particu­
lar manipulation of the animal and that the behavioral change is con­
stantly reproducible and long lasting (Valzelli, 1969). The aggressive 
displays due to isolation were critically reviewed by Scott (1966). 
Not all strains of mice or rats are susceptible to being made aggres­
sive by isolation (Valzelli and Garattini, 1968). Sensitivity to isola­
tion also differs between sexes. Female mice are particularly insensitive 
to the technique of isolation (Valzelli, 1969). Valzelli (1969) states 
that this aspect seems to be linked to the fact that females usually do 
not show aggression in a natural environment, except during the period 
following delivery. Scott and Fredericson (1951), Anton et al. (1968) and 
Valzelli (1969) claimed that isolation does not induce fighting in female 
mice. In contrast, Weltmann et al. (1966) showed that during periods of 
isolation (26 weeks), fighting behavior was induced in approximately 50% 
of the isolated female CFW mice. 
Beeman (1947) and Bevan et al. (1958) studied the hormonal differ­
ences between males and females in relationship to isolation-induced ag­
gression. They found that masculinization by means of testosterone in 
isolated female mice proved ineffective in inducing aggressive behavior, 
whereas the feminization of males prevented the effect of isolation, or 
inhibited the aggressive behavior in animals previously aggressive. 
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Several authors agree that androgens modify the fighting behavior of 
male isolates by influencing the production of olfactory cues, or phero-
mones, upon which the behavior seems dependent (Mackintosh and Grant, 
1966; Mugford and Nowell, 1970; Brain and Evans, 1974a,b). It also ap­
pears that hormones have a central motivational, presumably neural, effect 
on fighting (Brain and Poole, 1974). Sigg (1969) suggested that hormones 
function in lowering the threshold to aggression-eliciting stimuli. Moyer 
(1976) has also suggested that androgen administration alters brain ex­
citability. Behavioral evidence for a motivational action of androgens is 
supported by reports that postpubertal castration can cause a substantial 
decrease in isolation-induced aggression in various mouse strains (Beeman, 
1947; Bevan et al., 1957; Bevan et al., 1958; Suchowsky et al., 1969; 
Bronson and Desjardins, 1971; Luttge, 1972; Luttge and Hall, 1973a,b; 
Brain and Poole, 1974; Leshner, 1975). Sigg et al. (1966) suggested that 
an intact pituitary-gonadal axis is a prerequisite for the acquisition of 
fighting behavior. 
It is well established that isolation affects endocrine function; the 
adrenal weight (Hatch et al., 1963; Sigg et al., 1966; Brain and Nowell, 
1970) and plasma corticosterone (Brain and Nowell, 1970) are lowered in 
the isolated male mouse as compared to grouped mice. In females, however, 
isolation increases adrenal weight, and plasma corticosterone also de­
clines (Brain and Nowell, 1971). Yen et al. (1959) found a hypofunction-
ing of the adrenal cortex in isolated mice. In addition, Sigg et al. 
(1966) found elevated levels of norepinephrine in individually housed 
mice. Sigg (1969) further demonstrated that adrenalectomy decreased the 
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rate of isolation-induced aggression in mice. Sigg et al. (1966) con­
cluded that adrenal glands have a modulating influence on isolation-
induced aggression, but are not essential for its occurrence. These 
findings suggest that hormones play a role in allowing the expression of 
aggressiveness, but that they do not determine aggressive behavior in the 
absence of a central disposition for it. 
The facilitation or inhibition of fighting may be controlled by other 
factors. One of these is the number of animals participating in aggres­
sive encounters and this depends on whether the mice are naive or aggres­
sive (Valzelli, 1969). 
It was suggested by Welch and Welch (1965) that behavioral changes 
emerging as a result of isolation may be accounted for by elevated levels 
of brain norepinephrine among isolated mice. Essman (1969) states that 
"behavioral differences that emerge with isolation in mice is the result 
of a relationship between emotionality, activation, excitability and ag­
gressiveness. " In addition, Garattini et al. (1967) suggested that ag­
gressive behavior induced by isolation is a corollary of 5-hydroxytrypta-
mine (serotonin) metabolism in the brain, Essman (1969) found that iso­
lated mice have a greater turnover rate of brain serotonin than grouped 
mice. In agreement with these findings are those reported for young mice 
of the same strain by Essman and Smith (1967) and Swiss mice, Garattini et 
al. (1967). 
Welch and Welch (1969) concluded that isolation-induced aggressive­
ness in mice may be modified by elevating or lowering the threshold for 
response. The aggressive response is initiated by a stimulus-eliciting 
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aggression or by optimizing or impairing the functional organization of 
integrated nervous activity, that is necessary for undertaking aggressive 
behavior. 
All of these studies indicate that a variety of parameters can in­
fluence aggressive behavior. Valzelli (1969) concluded that these factors 
may act in two main directions. First are the factors concerned with the 
possibility of making the animal aggressive, such as strain, sex and age 
at the beginning of isolation. Second are the agents which are linked to 
the exploding of the actual fighting as a concrete expression of aggres­
sion. In the latter factor, impairment of the sense of smell seems to be 
a very important variable. Valzelli (1969) states that the olfactory sys­
tem plays a most vital role in some mammals in recognition of the environ­
ment, of group members, and sexual differentiation. 
Seasonal Changes in the Pituitary Gland, Gonads 
and Accessory Reproductive Organs 
The vole is a seasonally breeding animal. In the wild the vole, 
Microtus aqrestis, breeds from March to October and in the winter this 
species is in an anestrous state (Baker and Ranson, 1933). This has been 
confirmed for both natural and experimental populations (Clarke, 1956b). 
Ecological factors control the time of the breeding season in voles, e.g., 
light (Baker and Ranson, 1932; 1933) and population size (Clarke, 1956b). 
Alterations in adenohypophysial function occur during the year. In 
several species of manroals, seasonal changes have been observed in the 
cells which secrete gonadotrophins or in the gonadotrophin content of the 
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hypophysis (Clarke and Forsyth, 1964a). The 13-lined ground squirrel, 
Citellus tridecemlineatus, and the male cottontail rabbit, Sylvilagus 
floridanus mearnsi, have more gonadotrophins within their pituitary baso­
phils during the breeding than during the nonbreeding season (Moore et 
al., 1934; Elder and Finerty, 1943; Hoffman and Zarrow, 1958). Clarke 
(1961) found that the gonadotrophins of the ewe stain more heavily in the 
anestrum than during the breeding season. In the adenohypophysis of the 
vole five different cell types are recognized. Of these cell types, the 
gonadotrophs change cytologically in synchrony with seasonal gonadal 
changes (Clarke and Forsyth, 1964b). Clarke and Forsyth (1964a) stained 
these cells with periodic acid-Schiff's reagent (PAS). Gonadotrophs were 
filled with PAS-positive granules during the breeding season, but in the 
nonbreeding season the PAS-positive contents formed the walls of otherwise 
unstaining large vesicles. No gonadotrophic hormones could be detected by 
the mouse uterine assay in the hypophyses of males during the nonbreeding 
season. In contrast, gonadotrophins were present in hypophyses of breed­
ing males. 
Gonads and accessory organs of adult Microtus agrestis caught during 
summer and winter were studied by Clarke and Forsyth (1964b). Testes of 
summer voles were large and produced abundant sperm and had conspicuous 
interstitial cells. Winter testes, on the other hand, were small and the 
epithelial cells of the seminiferous tubules were composed chiefly of 
Sertoli cells and spermatogonia. In winter, voles had inconspicuous in­
terstitial cells. Seminal vesicles and ventral prostate weights were 
higher in summer than in winter. 
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Clarke and Forsyth (1964b) found differences in the ovaries of female 
voles during winter and summer. Females studied during the winter months 
were either pregnant or lactating. Graafian follicles, as well as fresh 
corpora lutea, were present in summer females. Ovaries of wintered fe­
males had Graafian follicles, but none had fresh corpora lutea. 
Photoperiod is a major environmental factor which influences repro­
ductive activities. Microtus montanus continue to reproduce under 6 hours 
of daily illumination (Pinter and Negus, 1965). However, groups main­
tained under 18 hours of daily illumination produced larger litters and 
more offspring than groups under 6 hours of light (Pinter and Negus, 
1965). Baker and Ranson (1932) found that shortening the day length from 
15 to 9 hours almost totally constrained reproduction in M. arvalis. In 
contrast, no significant differences in reproductive activity of M. 
orcadensis were found by Marshall and Wilkinson (1956) when these voles 
were maintained under either 6 hour- or 15 hour-light regimes. 
Clarke (1957) has investigated the manner in which photoperiodic ad­
justments have influenced the function of endocrine organs. Male voles 
were housed under 15 hours of daylight (summer lighting) and 6 hours of 
daylight (winter lighting). He found that voles under summer lighting 
were more developed sexually than their winter littermates. In the summer 
animals seminiferous tubules were wider than those in winter animals and 
all stages of spermatogenesis with abundant sperm were visible. In con­
trast, winter males had very small testes showing no evidence of spermato­
genesis. 
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Clarke and Kennedy (1967) investigated the effect of artificial day 
length and ambient temperature upon the growth and maintenance of the 
activity of gonads of the vole, M. aqrestis. Animals were subjected to 
the following treatments: summer light of 16 hours, winter light of 6 
hours, summer temperatures of 21.0±2.0°C and winter temperatures of 
6.5±1.5°C. They found that reproductive organ weights were higher in 
males which had been housed in summer light than those in winter light, 
and that winter temperatures had restrained the growth of the body and the 
reproductive organs, regardless of the lighting conditions. But covari-
ance analysis revealed that light, and not temperature, had a statistical­
ly significant effect upon the weights of reproductive organs, final body 
weights, and body weight gains. Similarly, in females, mean weights of 
reproductive organs were heavier in summer light than winter light, but 
temperature had no effect on organ weights. Covariance analysis revealed 
light had a significant effect on final body weight, but the effect of 
temperature and light plus temperature were not significant. We can con­
clude that a number of physical and biological factors influence the onset 
and cessation of breeding in mammals. Daylength is one of these factors 
which plays an important role in this process (Clarke and Kennedy, 1967). 
Winter breeding in voles, however, is not always prevented by the 
physical environment (Clarke and Forsyth, 1964b). Clarke (1956b) recog­
nized the influence of social factors in determining the length of the 
breeding season, e.g., while aggression may adversely affect reproduction. 
Another social factor, namely pheromones, may accelerate the onset of re­
productive processes. 
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The structure and function of adrenal glands are influenced by light 
and temperature. The mean weight of adrenal glands were 4.59 mg and 5.59 
mg in summer and winter voles, respectively. Adrenal enlargement in win­
ter males was due to the increase in size of the cortex (Clarke, 1957). 
The hormones produced by the adrenal cortex are important factors in 
the resistance and the survival of an animal under extreme environmental 
conditions (Turner, 1955). When normal animals are exposed to hazardous 
environmental stimuli, the output of adrenocorticotrophic hormone (ACTH) 
is increased and the resistance of the animal is enhanced by a corre­
sponding increase in the secretion of the adrenocortical hormones (Turner, 
1955). 
Zarrow et al. (1946) state that when a rat is exposed to low ambient 
temperatures, ascorbic acid and cholesterol are depleted from the adrenal 
cortex within one hour. The adrenalectomized animal shows a considerable 
decrease in its ability to withstand exposures to stress (Zarrow et al., 
1946). In hypophysectomized animals, the adrenal cortex atrophies and 
adrenal cortical secretions become subnormal. The adrenal cortices of 
hypophysectomized animals are not hypertrophied when subjected to environ­
mental stresses such as cold, noxious vapors, etc. Consequently these 
animals succumb to adverse conditions which could be withstood by normal 
intact animals (Turner, 1955). 
Pheromones 
Karl son and Luscher (1959) coined the term pheromone to denote 
"chemical substances that are secreted by an animal to the outside and 
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cause a specific reaction in a receiving individual of the same species, 
e.g., a release of a certain behavior or a determination of a physiologi­
cal development." Kalmus (1964) expands Karl son and Liischer's (1959) def­
inition of pheromones; he states, "pheromones are substances, or a mix­
ture of substances, which are produced to the exterior by an animal and 
may be received by a second individual of the same species, in which they 
produce one or more specific reactions." Pheromones may act by stimulat­
ing chemical receptors, for example, the olfactory receptors (Whitten, 
1966). Pheromones were further classified by Wilson and Bossert (1963) 
according to the type of response they produced. "Releasing" or "signal­
ling" pheromones evoke an immediate behavioral response, mediated by the 
central nervous system. Priming pheromones, on the other hand, induce 
long-term endocrine or physiological responses mediated either through the 
central nervous system or by a direct effect on the organs involved. 
Priming pheromones affect behavior only indirectly. No immediate behav­
ioral changes may occur, but the animal develops new response potentials 
which can be induced by new stimuli. The primer effect may be either in­
hibitory or stimulatory. 
Wilson and Bossert (1963) postulated that the releaser effect dif­
fered from the primer effect in that the releaser effect involved the 
classical stimulus-response mediated by the central nervous system, where­
as in the primer effect, the endocrine and reproductive systems are al­
tered physiologically (see Figure 2). In the primer effect, the body is 
in a true sense "primed" for biological activity. Response to the priming 



















Figure 2. Pathways of influence of pheromonal action (Wilson and Bossert, 
1963). 
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chain of events usually follows the primer and precedes the behavioral 
modification. Signalling pheromones may be used, for example, for terri­
torial or home-range marking by felines to prevent encounters between 
them. Signalling pheromones may also act as sex attractants, as in the 
urine of a female dog in heat, or as alarm substances, such as in fish. 
Chemical information may be enhanced through the use of simultaneous 
secretion from several glands, or complex mixtures of chemicals from a 
single gland (Birch, 1974). The rabbit, Oryctolagus cunicuius, secretes 
pheromones from three skin glands; namely, the anal, the chin and the 
inguinal glands. Goodrich and Mykytowycz (1972) examined the homogenates 
of the chin and inguinal glands and found that the chin gland produced 
proteins and carbohydrates, whereas inguinal glands secreted primarily 
lipids, but with an admixture of monoglycerides, diglycerides and tri­
glycerides. Changes in concentrations from individual skin glands 
stimulate different responses (Goodrich and Mykytowycz, 1972). Birch 
(1974) states that temporal information can be encoded by manipulating the 
volatility, reactivity or stability of the pheromone. 
Research on the behavioral effects of anosmia in rodents has employed 
the techniques of surgical removal of the olfactory bulbs and also chemi­
cal ablation of the olfactory mucosa. Ropartz (1968b) demonstrated that 
highly aggressive males were rendered nonaggressive by bilateral removal 
of their olfactory bulbs. Since exogenous administration of large amounts 
of testosterone propionate does not stimulate fighting in bulbectomized 
males (Rowe and Edwards, 1971), the elimination of aggression by bulbecto-
my cannot be attributed to an effect of bulb removal upon the secretory 
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activity of the testes. Thus, the fact that bulbectomy eliminates aggres­
sion indicates that olfactory reception may be essential for the arousal 
of intermale aggression. 
Sources and Nature of Pheromones 
The presumption that at least two olfactory factors are involved in 
aggression induced between strange male mice is not a new one and has most 
recently been reviewed by Bronson and Caroom (1971). A general odor of 
"maleness" could be provided by urinary metabolites of androgens, and a 
second factor secreted by the preputial glands. Both of these sources 
contain substances which attract females (Bronson, 1968; Bronson and 
Caroom, 1971). 
The rat preputial secretion has also been postulated to function as 
an attracting pheromone to the opposite sex (Stanley and Powell, 1941). 
Orsulak and Gawienowski (1972) found that female rats preferred the odor 
of the male preputial gland to that of other body tissues, while males 
were equally attracted to female preputial odor over that of the foot­
pads, the submaxillary and sublingual glands, and muscle of fat. 
Gawienowski et al. (1975) found the male preputial glands to be an impor­
tant site of female-attracting pheromones. Other tissues which were sus­
pected of pheromone production, such as the footpads (Ropartz, 1968a), 
submaxillary and sublingual glands (Bronson and Caroom, 1971), and the co­
agulating gland did not particularly attract female rats. The coagulating 
glands, however, were reported to release aggression-inhibiting and aver-
sive cues (Jones and Nowell, 1973a,b). The hypothesis that rat preputial 
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secretions are of a sexual nature is supported by the fact that females 
were not attracted to female preputial extracts, nor males to male pre­
putial extracts. 
Preputial secretions are affected by the endocrine state of the male 
since females were not attracted to castrated males. Similarly, 
Gawienowski and Orsulak (1973) found that males were attracted only to 
preputial secretions of estrous female rats. 
The urine of male mice contains a pheromone which increases the ag­
gressiveness of other males (Mackintosh and Grant, 1966). This behavioral 
response does not persist after castration and so production of the phero­
mone is dependent on male hormones (Mugford and Nowell, 1970). Mugford 
and Nowell (1971a) found that female mice treated with testosterone pro­
pionate produce an aggression-promoting pheromone, qualitatively similar 
to that found in males. This is in contrast to the aggression-inhibiting 
pheromone of normal female mouse urine. This effect was reduced by ovari­
ectomy. 
Endocrine-mediated changes in the production of urinary pheromones 
are depicted in the change in the social relationships of females with 
males. Males attack ovariectomized females treated with 100 yg of TP, 
whereas normal females do not elicit much aggression from males. Prepu­
tial glands are sensitive to the action of androgens (Strauss and Ebling, 
1970) and are involved in the production of aggression-promoting cues 
(Mugford and Nowell, 1971a; McKinney and Christian, 1970; Lloyd, 1971). 
After removal of the preputial glands, females treated with testosterone 
propionate still posses the urinary aggression-promoting pheromone. How­
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ever, preputialectomized TP-treated females are attacked significantly 
less than intact females. Thus the preputial glands probably emit some 
other nonurinary, aggression-eliciting cue. 
Recent investigations have demonstrated that rats and mice may use 
urine for the detection of sexual status (Carr et al., 1965; Pfaff and 
Pfaffmann, 1969; Scott and Pfaff, 1970; Stern, 1970; Davies and Ball amy, 
1972; Lydell and Doty, 1972). Scott and Pfaff (1970) demonstrated that 
females prefer urine obtained from intact males to that collected from 
castrates. They exposed male urine to diestrous and estrous females and 
concluded that diestrous females are more strongly attracted to male urine 
than are females in estrus. 
The Mongolian gerbil secretes an attractant pheromone from the 
Harderian gland during grooming. The secretion is via the external nares 
and is spread over select facial areas (Thiessen et al., 1976). Thiessen 
et al. (1976) states that Harderian secretions act as pheromones in social 
interactions by stimulating investigation by conspecifics. 
The function of the sweat glands at the angle of the mouth in micro-
tines remains an enigma, but Quay (1962) states they might be significant 
in olfactory communication. The glands of the mouth, especially the sweat 
glands of the dorsal inflexus of the lower lip, have been implicated to be 
significant in grooming the fur in Microtus arvalis (Sulc, 1929, see Quay, 
1965) and Arvicola amphibius (Ortmann, 1950, see Quay, 1965). The fore-
paws are vigorously pressed into the oral angle before grooming (Quay, 
1965). However, interpretation of the behavioral observations concerning 
the use of the oral angle gland is complicated by the proximity of more 
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abundant sebaceous glands in the inflexed areas of the lips and by the 
oral mucous and salivary gland secretions (Quay, 1965). 
Three separate phenomena have implicated the use of pheromones in 
reproductive studies of laboratory mice: (1) the Lee-Boot Effect in which 
suppression of estrus by an all-female grouping is described (Whitten, 
1957); (2) the Whitten Effect in which male urine accelerates the attain­
ment of estrus (Whitten, 1966); and (3) the Bruce Effect in which olfac­
tory discrimination is made by the recently inseminated female between the 
urine of a familiar male and that of a strange male; expose to the strange 
male results in implantation failure and remating (Bruce, 1959). 
Extraction and Identification of Pheromones 
Only a few priming and signalling pheromones have been isolated and 
identified in manmials. Reasonable identification of the physiologically 
active portion of pheromones has been accomplished for a ventral scent-
making gland in the Mongolian gerbil, Meriones unguiculatus (Thiessen et 
al., 1974), for a vaginal sex-attractant in the rhesus monkey (Michael et 
al., 1971), for a tarsal gland in the black-tailed deer, and for the 
scent-making subauricular glands in male pronghorns. 
Sebum from the ventral scent gland of the male Mongolian gerbil was 
fractionated and tested for its role in conditioning-task and stimulus-
preference behavioral responses. Thiessen et al. (1974) identified the 
active fraction as phenyl acetic acid; both it and synthetic samples elic­
ited the same behavioral responses. Both the behavioral and biochemical 
analyses indicate that phenylacetic acid is a major constituent of the 
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marking pheromone in the Mongolian gerbil. Thiessen et al. (1974) found 
little evidence for multiple pheromones in the glandular secretions, but 
other volatile compounds are present and could be used as signals under 
varied conditions and in particular combinations. 
Michael et al. (1971) described a pheromone which they found in the 
vaginal secretions of female rhesus monkeys. They called the pheromone 
Copulin because it stimulated copulation by the male rhesus monkey. Exam­
ination of vaginal secretion showed that the behaviorally active component 
consisted of a combination of propionic acid, isobutyric acid, butyric 
acid, isovaleric acid and isocaproic acid. This glandular secretion only 
becomes pheromonally active after it has been broken down to fatty acids 
by bacterial residents of the vagina. These volatile acids are found in 
the vagina of female rhesus monkeys only during estrus. 
Another gland in the Mongolian gerbil—the Harderian gland--was found 
to release an attractant pheromone. During facial grooming, the secretion 
is spread over the face. Thiessen et al. (1976) identified the Harderian 
secretion as a complex mixture of lipids, proteins, and the pigment, 
protoporphyrin. The lipid and pigment portions were extracted with chlo­
roform. The extract has a distinct floral odor which may contribute to 
its pheromonal nature. 
Gawienowski et al. (1975) investigated the nature of the male rat 
preputial pheromone and found that the activity resides in volatile, 
1ipid-soluble substances, extractable with ether. Gas-liquid chromatogra­
phy studies indicated that there may be numerous attractant compounds in 
the volatile components of preputial homogenates; those eluted in the 
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third fraction were the most active and accounted for most of the total 
behavioral activity. A study by Gawienowski and Orsulak (1973) showed 
that the female preputial pheromone has attractive compounds which include 
substituted C7 and C8 aliphatic alcohols of similar retention time on the 
same gas-liquid chromatography column. 
Based on qualitative studies of dog behavior some authors have sug­
gested that anal sac secretions may function in sexual attraction 
(Donovan, 1967), individual recognition, territorial demarcation (Baker, 
1962), and alarm or defense (Donovan, 1967). Preti et al. (1976) identi­
fied volatile organic secretions of female dogs and coyotes after examina­
tion of glands using gas chromatography and gas chromatography-mass spec­
trometry. They found short chain (C2-Cg) acids and trimethylamine as 
major constituents. 
The behavioral significance and chemistry of the tarsal scent gland 
of the reindeer, Ranqifer tarandus, has also been studied. Andersson et 
al. (1975) examined the male and female anal glands of the dog by gas 
chromatography-mass spectrometry and found aldehydes, alcohols and hydro­
carbons. Short chain fatty acids have been found in the anal gland secre­
tion of the red fox (Albone and Fox, 1971) and in the subauricular scent 
glands of the pronghorn (Miiller-Schwarze et al., 1974). Male pronghorns, 
Antilocapra americana, respond as strongly to isovaleric acid, a single 
component, as to the total secretion. Male pronghorns mark vegetation by 
rubbing with their subauricular gland. They respond to scent marks by 
sniffing, thrashing, licking, and marking. Muller-Schwarze et al. (1974) 
postulated that isovaleric acid acts as a precursor for acids, and that 
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high-boiling point esters and alcohols function as diluents and releasing 
regulators for the more volatile acids. Different component ratios may 
help identify individual markings. Certain components may serve as 
primers. 
Brownlee et al. (1969) identified the active component of the tarsal 
gland in the black-tailed deer as cis-4-hydroxydodec-6-enoic acid lactone. 
This compound functions in a complex manner in individual recognition, ag­
gregation and aggression. 
Miiller-Schwarze et al. (1974) have found that the secretions of the 
scent-marking subauricular glands in male pronghorns consist of eight 
major components: 








Isovaleric acid was found to be the most behavioral!y active compound of 
the group. 
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The Exocrine Glands and their Pheromonal Nature 
Preputial glands 
The preputial glands are paired organs located subcutaneously, ante­
rior to the external genitalia (Brown and Williams, 1972; Montagna and 
Noback, 1946a). More specifically, they are located on both sides of the 
penis in the male and of the clitoris in the female, with their main 
secretory duct opening into the inner surface of the prepuce (Montagna and 
Noback, 1946a). They are eminent in male mice, but vestigial in females, 
where they are often referred to as the clitoral glands. Glands in both 
sexes are similar in appearance and histological structure (Korenchevski 
and Dennison, 1936; Burdick and Gamon, 1941). 
In the rat and mouse, preputial glands are extensively hypertrophied 
and modified sebaceous glands. They are holocrine, branched, tubulo-
alveolar glands. These glands are developmentally, histologically, and 
functionally similar to other sebaceous glands (Montagna and Noback, 
1946a). 
Beaver (1960) and Koenig (1975) observed two separate and distinct 
cytoplasmic components in preputial gland cells: lipid droplets and peri­
nuclear granules. The lipid component is peripheral in distribution and 
consists primarily of droplets of neutral fats, and possibly fatty acids. 
This report of lipids in acinar cells is supported by Montagna and Noback 
(1946a), Pannese (1954), Dangelo and Munger (1964), and Brown and Williams 
(1972) who found the glandular secretions in rats and mice to be basically 
lipid. The second cytoplasmic component, perinuclear granules, are 
eosinophilic (Beaver, 1960) and proteinaceous (Beaver, 1960; Dangelo and 
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Hunger, 1964). Beaver (1960) histochemically demonstrated protein within 
the granules but was unable to determine the nature of the particular 
protein present. 
Sebum is formed by the breakdown of the mature acinar cells. The 
acini have large central cells which coalesce and undergo holocrine break­
down (Brown and Williams, 1972). 
Many authors agree that the pituitary gland appears to influence the 
physiology of the preputial gland (Ebling et al., 1969; Nikkari and 
Valavaara, 1969; Thody and Shuster, 1970), but they differ in opinion on 
the relationship between the pituitary gland and the preputial gland. 
The ability of testosterone to stimulate sebum secretion in the 
absence of the pituitary gland remains a controversial issue. While 
Ebling et al. (1969) reported that testosterone implants had no effect on 
the sebum secretion of rats, unless the pituitary gland was intact, 
Nikkari and Valavaara (1969) and Thody and Shuster (1970) observed a sub­
stantial increase in sebum secretion after administering a daily injection 
of testosterone propionate (TP). Thody and Shuster (1971) stated that the 
difference in the results might have been due to the dosages of testoster­
one used and the assay methods employed to measure sebum secretion. 
Therefore, they investigated the effect of varying dosages of TP on sebum 
secretion and preputial gland weight of castrated and hypophysectomized-
castrated rats. They found a parallel change in preputial gland weight 
and sebum secretion with TP-treatment. Sebum secretion was restored to 
normal levels with 0.5 mg TP in castrated rats, but not in the hypo-
physectomized-castrated rats was due to the absence of the pituitary, not 
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a reduction in testosterone. They found that TP stimulated sebum secre­
tion in the preputial gland in the absence of the pituitary gland and 
proposed that the action of TP on preputial glands is independent of the 
pituitary gland. Therefore, Thody and Shuster (1971) concluded that the 
pituitary gland must be present for normal sebaceous gland activity and 
the effect of the pituitary gland is to supplement, but not facilitate, 
the action of testosterone. In contrast, Ebling et al. (1969) proposed 
that the pituitary gland facilitated the effect of androgens on sebaceous 
gland activity. Ebling et al. (1969) proposed that the pituitary gland 
may exert its effect on the sebaceous glands via growth hormone and pro­
lactin. They showed that these hormones facilitate the effect of testos­
terone on sebum secretion. Also growth hormone and alpha melanocyte 
stimulating hormone have suggested to act as permissive or synergistic 
factors. Alpha melanocyte-stimulating-hormone and testosterone act 
synergistically to increase preputial weight in gonadectomized females and 
males (Krahenbuhl and Desaulles, 1969). 
Noble and Collip (1941) state that the weights of male preputial 
glands are not affected by the removal of the thymus and adrenal glands. 
In contrast, Thody and Shuster (1970) noted a progressive decrease in 
sebum secretion after castration, adrenalectomy, thyroidectomy and hypo-
physectomy. An increase in sebum secretion was found in hypophysecto-
mized-castrated rats given a dose of TSH and ACTH, suggesting a physiolog­
ical effect of TSH and ACTH, independent of androgens. 
Androgens are proposed to be the gonadal hormone which exerts the 
greatest effect on preputial gland secretion. Noble and Collip (1941) 
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reported that preputial glands respond to androgenic rather than estro­
genic stimulation. Androgens have a trophic action, with castration 
causing atrophy (Korenchevski et al., 1935; 1937). Testosterone propi­
onate increases the glandular weight, but does not restore the weight to 
normal levels in hypophysectomized rats. 
Androgen administration produces notable changes in female preputial 
glands as well. In females, androgens induce glandular hypertrophy 
(Korenchevski et al., 1937; Burdick and Gamon, 1941; Mugford and Nowell, 
1971b; and Nickerson et al., 1976), stimulate the formation of a thick, 
white secretory product (Korenchevski et al., 1937), and increase the 
amount of secretion (Nickerson et al., 1975). Glandular enlargement in 
immature female rats was described by Salmon (1938) as early as 48 hours 
after the first TP injection. Normal adult female glands vary from 10-16 
mg, but after TP injection they increase in weight to a range of 35 to 38 
mg, and ovariectomized glands also enlarge. In female rats testosterone 
propionate hastens the maturation of preputial gland acinar cells and 
produces changes in morphology which consists of acinar cells all having 
a similar stage of development, rather than many different stages of de­
velopment as seen in male rats (Nickerson et al., 1976). 
While a considerable amount of literature is devoted to their his­
tology and endocrine relationships (Strauss and Ebling, 1970), the func­
tion of the preputial glands remains an enigma. Previous interpretations 
of the data suggest that secretions from the preputial glands in male 
house mice may have an olfactory role, and thereby influence fighting be­
havior in this species (Lane-Petter, 1967; McKinney and Christian, 1970; 
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Mugford and Nowell, 1971a, 1972; Hucklebridge et al., 1972; Jones and 
Nowell,1973a). Recently, in studies with male albino mice, the preputial 
glands have been shown to serve as a source of aggression-promoting odor 
(Mugford and Nowell, 1970, 1971b, 1972; Gawienowski et al., 1975). 
The histological resemblance of the preputial glands to sebaceous 
glands has suggested to Noble and Collip (1941) that a possible function 
might be sexual attraction, presumably acting through the olfactory sys­
tem. Since 1941 Stanley and Powell have proposed that the role of the rat 
preputial gland secretion is to attract rats of the opposite sex. More 
recently Orsulak and Gawienowski (1972) indicated female rats were 
attracted to male preputial gland odor, while male rats preferred the 
odor of the female preputial gland over that of other tissues. In a 
followup experiment, females were not attracted to the preputial gland 
extracts of castrated males (Gawienowski et al., 1975). Therefore, they 
proposed that the secretions were associated with the endocrine status of 
the male. In addition, male rats were only attracted to extracts of 
estrous, sexually receptive females, and not to that of anestrous females 
(Gawienowski and Orsulak, 1973). These findings are significant since 
the pheromone responsible for the acceleration of estrus (the Whitten ef­
fect) appears to be under gonadal control; castrated males are ineffective 
in accelerating estrus (Bruce, 1965). 
In addition, Mugford and Nowell (1971b) suggested that there is a 
positive relationship between the presence of preputial glands and aggres­
sive behavior, which might be asserted through the release of an aggres­
sion-promoting pheromone contained in preputial sebum. Since TP induces a 
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hypertrophy of female preputial glands, Mugford and Nowell (1971b) have 
suggested that these glands might be the source of the aggression-pro­
moting odors of androgenized female mice, whereas normal female mice pro­
duce the aggression-inhibiting pheromones. 
Apocrine sudoriferous glands in the oran angle of microtine rodents 
Apocrine sweat glands are associated with hair follicles and are 
widely distributed among rodents. Quay (1962) was the first to describe 
the occurrence of the coiled, tubular glands of the apocrine, sudoriferous 
type in the angulus oris of microti ne rodents. The apocrine sweat glands 
of the oral angle of microtines are similar to other sudoriferous glands 
in regard to hair follicles, cytology and structure. Quay (1962) de­
scribes the general structure of this gland as having a coiled secretroy 
portion, lined with cuboidal or columnar cells with small lipid droplets 
on the luminal side of the nuclei. Using the periodic acid-Schiff's 
staining procedure. Quay (1962) found three basic components: basement 
membranes, sparse, fine granules within the cytoplasm of some secretory 
cells, also within the secretory blebs of the lumina; and abundant, coarse 
granules within the cytoplasm of a few secretory cells, which appear to 
have a high glycogen content. 
Among the microtines and other rodents there are differences in the 
degree of glandular activity and individual variation in distribution, 
number, size and apparent activity of the gland (Quay, 1963). The oral 
glands are largest and appear most cytologically active in Spermophillus 
(Quay, 1965) and reduced or lacking in other sciurids, microtines and 
North American cricetines. Microtus abbreviatus has the largest and most 
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active oral sweat glands in microtines. The secretory tubules cover a 
zone from 2 mm anterior to 2 mm posterior to the angle (Quay, 1965). 
The functional significance of the oral angle gland remains uncer­
tain. However, it is thought to be functional in olfactory communication 
(Quay, 1962, 1963, 1965) and in grooming of the fur in Spermophilus 
(Steiner, 1972) and in the microtine rodents (Quay, 1965). As areas con­
taining the oral apocrine glands are consistently rubbed during grooming 
in ground squirrels, it has been suggested that these glands may function 
in scent-related grooming (Steiner, 1972). The use of these glands for 
thermoregulation was ruled out by Quay (1963) because most desert rodents 
lack oral sudoriferous glands and when they are found, they are sparsely 
distributed upon the body. 
The Harderian glands 
Harderian glands were first described in deer in 1694 by Harder (see 
Woodhouse and Rhodin, 1963). These compound, tubuloaveolar glands are 
apocrine in nature; they are located on the posterior aspect of the eye­
ball. Phylogenetically and anatomically the glands are associated with 
the presence of the nictitating membrane in terrestrial vertebrates 
(Thiessen et al., 1976). They are prominent in rodents, rudimentary in 
higher primates and absent in aquatic amphibians and fish (Thiessen and 
Yahr, 1977). This orbital gland produces a large amount of lipid material 
and porphyrin pigments (Grafflin, 1942; Cohn, 1955; Paule and Hayes, 1958; 
and Kennedy, 1970). 
Mice (Woodhouse and Rhodin, 1963) and rabbits (Kuhnel, 1971), show no 
sexual dimorphism in the Harderian glands, whereas, the Harderian glands 
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of hamsters show gross, microscopic, and ultrastructural dimorphism 
(Christensen and Dam, 1953; Wooley and Worley, 1954; and Paule et al., 
1955). These differences are manifested in prophyrin content and the size 
of lipid-containing droplets or vacuoles in the acinar cells. Woodhouse 
and Rhodin (1963) found two types of cells in the Harderian glands of the 
albino mouse: Type A cells are the most numerous and are probably respon­
sible for the secretion of lipid droplets, which contain a high proportion 
of saturated fats and porphyrins; and Type B cells which produce granules 
containing phospholipids. 
Many in vivo endocrine manipulations have been performed to elucidate 
the regulatory mechanisms responsible for the differences in morphology 
and presumed function of the Harderian gland in hamsters (Hoffman, 1971; 
Clabough and Norvell, 1973). The specific regulators have yet to be 
identified. It is unclear whether estrogens enhance, or androgens in­
hibit, the porphyrin biosynthesis in the normal hamster, nor whether the 
observed changes are due primarily to direct effects of changed gonado-
trophin concentrations (Jones and Hoffman, 1976). Females treated with 
testosterone propionate tend to exhibit the male type of Harderian gland 
(Clabough and Norvell, 1973). In the male hamster, testosterone and 5-
hydrotestosterone suppress porphyrin synthesis (Payne et al., 1975). 
Payne et al. (1977) observed porphyrin levels in the glands of female 
golden hamsters during different seasons of the year and found rising 
porphyrin levels during the summer when females show only a moderately 
high degree of fertility. The seasonal variations suggest additional 
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regulatory control of the Harderian glands, possibly by environmental 
factors such as light and temperature (Payne et al., 1975). 
The function of the Harderian gland remains unclear, although it is 
hypothesized to lubricate the nictitating membrane and act as a link in 
the retinal-pineal-gonadal axis (Clabough and Norvell, 1973). Thiessen 
et al. (1976) state three hypotheses concerning its biological function: 
to combat bacterial invasions, serve as a cushion for the eyeball and as 
a lubricant for the eye, and somehow function in extraretinal photorecep­
tion. Evidence has been offered that the Harderian gland acts as a phero-
mone in regulating social behavior in the Mongolian gerbil (Neriones 
unqiuculatus) (Thiessen and Yahr, 1977) and albino rat (Ebling et al., 
1975a,b). 
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MATERIALS AND METHODS 
Treatment of Animals 
The parent group of Microtus ochrogaster was obtained from a stock 
colony at Kansas University in Lawrence, Kansas. Twenty animals were ob­
tained to establish the colony used in the present investigation. Adult 
males and females, 5-7 months of age were used in all experiments. The 
animals were maintained in 19 x 12 x 18 inch cages in groups for several 
months. Prior to experimentation they were isolated for three weeks in 
10 X 7 X 5 inch cages. Bedding in all cages consisted of wood shavings. 
The diet consisted of Taklad rabbit pellets supplemented weekly with let­
tuce and Teklad cat food, and water ad libitum. The animal room in which 
the animals were housed, prior to and during observations was temperature 
controlled at 72°F±2°F, with a lighting regime of 15 hours light and 9 
hours dark. The overwintering females received similar treatment to nor­
mal control animals, except that they were housed in an environmental 
chamber where the temperature was controlled (4°±1°C) with a six hour 
photoperiod (lights on: 0900; lights off: 1500). In addition to wood-
shavings, nonabsorbent cotton was added for bedding and insulation. 
Experimental Design for Behavioral Observations 
Following the procedures used by Ginsburg and Allee (1942) and Beeman 
and Allee (1945), with minor modifications, round-robin encounters were 
set up, in which each vole met every other in its experimental or control 
group. Thus in a group of 12 voles, there were 11 encounters per round. 
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During the observational period, the voles met in one complete round-
robin. The order of encounters were arranged so that each animal faced an 
opponent no more than two or three times daily, over a six-day period. 
Encounters were staged in a neutral arena, a glass aquarium. This 
aquarium which measured 17 x 11 x 11 inches was divided into two equal 
sections by a glass partition that could be readily removed. In order to 
transfer a vole from his home cage to the arena, the vole was picked up 
with a cup and gently placed in the arena. After two minutes, the parti­
tion was removed and enounters were permitted to continue for ten min­
utes. 
All animals had been isolated for three weeks. Preputialectomized 
animals and animals with oral glands removed were kept in separate housing 
from all other animals one week prior to investigations. Overwintering 
females were taken out of the chamber during experimentation, allowed 60 
minutes for accommodation to room temperature and returned to the en­
vironmental chamber after two or three encounters. 
All nine experimental groups were observed under the same conditions. 
Test situations consisted of male-male interactions and female-female 
interactions. These test situations were used to determine effects of 
hormones and pheromones on the behavior of each sex. 
Frequencies of behavioral variables were recorded on a cassette tape 
recorder. A stop watch was used to time the latency of the first en­
counter, latency of aggressive encounters and duration of aggressive en­
counters. Scott (1966) proposed that latency and frequency scores were 
more satisfactory indices of aggression than from rating scales. Thus 
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data were reproduced from tapes and frequencies of each behavioral para­
meter tallied. Latency, frequency and a rating scale were employed in 
evaluation of aggressive encounters while evaluation of the other behav­
ioral variables were based on frequencies. The rating scale employed 
(Appendix A) was revised from Davis (1933) and Lagerspetz (1964), both of 
which were proven to be reliable and uniform. 
Each behavioral parameter was categorized and placed into behavioral 
element groups (Appendix B). Parameters measured and their definitions 
are as follows: 
Latency of First Encounter - time between partition removal and first con­
tact between the two opponents. 
Latency of Aggressive Encounter - the time in seconds from the raising of 
the partition to the first aggressive act by either opponent. 
Duration of Aggressive Encounter - the total amount of time spent in 
actual aggressive interations, such as threat, attack or aggressive 
groom. 
Approach - a direct movement toward the opponent. 
Face-Face - one animal approached by another animal and faces meet with 
sniffing but no contact. 
Nose-Nose - contact between the noses of the two animals, or whiskers in 
contact. Associated with this is the stretch attention posture in 
which the eyes, as well as the ears and vibrissae are directed toward 
the animal; the whole forepart of the body is stretched toward the 
adversary. 
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Self-Groom Genitalia - designates sniffing and licking the ano-genital re­
gion, using the teeth and tongue. 
Self-Grootn-Face - this starts with washing the face, licking the forepaws, 
drawing them over the head from just behind the ears to the tip of 
the snout (Grant, 1963). Sometimes the fur is groomed using the 
teeth and tongue, starting at the forepart of the body and working 
back toward the tail. 
Sniff-Back-of-Head (of opponent) - designates sniffing and licking con­
fined to the head and neck regions. 
Sniff-Rump/Back/Side (of opponent) - designates sniffing and licking con­
fined to the ano-genital region, side and/or back. 
Retreat - direct movement away from the opponent. 
Flee - is a high intensity form of retreat characterized in the vole by 
undirected bouncing (jumping), interspersed with very rapid retreat­
ing. The fleeing animal has a tendency to go up, as well as away 
(Grant and Mackintosh, 1963). 
Bite - teeth grip the skin of the other animal and the head is then pulled 
sharply backwards. 
Chase - run after other animal. 
Wrestle - struggle between two contestants, one holding, sometimes biting, 
with the other pushing with the forepaw. 
Sparring - the opponents adopt offensive or defensive ritual postures dur­
ing which both strike with the forepaws. 
Squeak - a sharp cry or noise. 
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Mount - body contact, with or without pelvic thrust, occurs anywhere on 
the body, usually posteriorly or laterally. 
Thrust - pelvic movements toward the other animal during mounting. 
Exploration - cage investigation, sniffing wood shavings, climbing and 
licking arena walls while walking or in a stationary position. 
Distance Ambivalent Approach - characterized by one of the following: To-
Fro, Figure Eight, or walking around. To-Fro, a short movement back 
and forward along a line between the two animals. Figure eight, sim­
ilar to To-Fro but in a figure eight pattern. Walking-around, a 
movement around the arc of a circle whose center is the other animal 
(Grant and Mackintosh, 1963). 
Displacement Digging - digs with forepaws, digs and kicks back with hind 
paws, then turns and pushes with its forepaws again. 
Threat - clear intention movements of biting, head raised slightly and 
then brought down and forward with the mouth opening, occasionally 
accompanied by sparring at the opponent. 
Attack - sequence of chase, wrestle and bite. Bite is directed at the 
nearest part of the retreating aniaml. Actual biting may or may not 
occur. 
Aggressive groom - grooming animal mouths, licks and noses the fur of his 
companion, occasionally using the forepaws as well; occasionally the 
teeth are used to pull the fur and the act is generally more vigorous 
with oscillations at the shoulder region; aggressive animals orien­
tate at right angles to the other in the same way as seen in the full 
aggressive posture (Grant, 1963). 
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Agonistic Behavior - refers to any behavior associated with conflict or 
fighting between two individuals. Included are patterns of behavior 
involving escape or passivity (Scott, 1956). 
Aggression - refers to an unprovoked attack; actual fighting and initiat­
ing the attack are included. 
Moyer (1968) defined several types of aggression. One of these 
types, inter-male aggression, was studied in this investigation. In this 
case, the presence of a strange male conspecific initiated the release of 
aggressive response. In many cases the male odor appears to be the prima­
ry aggression-eliciting stimulus (Barnett, 1963; Eisenberg, 1962). Males 
which are housed together for some time seldom fight (Scott and Frederic-
son, 1951; Barnett, 1963). This may be due to a habituation to the odors 
of other animals or learned inhibition resulting from the establishment of 
social hierarchy (Moyer, 1968). In our study males were isolated (produc­
ing the "stranger" stimulus for aggressive responses) and the effect of 
odor on inter-male aggression was investigated. 
Experimental Treatment 
The animals were divided into nine groups; normal-controls, males 
and females; testosterone propionate (TP) treated, males and females; pre­
putial ectomi zed, males and females; castrated males; overwintering fe­
males; and females with the oral angle gland removed. Each group con­
sisted of 12 voles. The orchidectomy (Appendix C) was performed two weeks 
prior to behavioral observations. 
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Testosterone propionate was dissolved in corn oil to a dose concen­
tration of 10 pg/.05 ml, for injection into males and females (Appendix 
D). Single injections were given daily, subcutaneously, starting two 
weeks prior to behavioral observations and injections were maintained dur­
ing the observational period. One day priod to sacrifice of the voles, 
injections were discontinued. 
Preputialectomy (Appendix E) was performed in males and females. 
Oral angle glands were removed from female voles (Appendix F). A two-week 
recovery period after surgery was allowed before behavioral observations 
were conducted. 
Handling of Tissue 
After behavioral observations, normal, hormone-treated, castrated and 
overwintering adults were sacrificed by exposure to an atmosphere of high 
COg for approximately one minute. Tissues were rapidly removed and placed 
in 10% buffered formalin or Carnoy's fixative. Prior to fixation, pitui­
tary, ovaries, testes, adrenal, thyroid, Harderian, oral angle, and prepu­
tial glands and seminal vesicles were cleansed of all connective tissue, 
fat and secretions, then weighed. 
Chromatographic Analysis 
Tissues of Harderian, preputial and oral angle glands were analyzed 
according to the procedure established by Moore and Holdeman (1975). 
Eighteen samples (6 samples of each gland) from normal-control males 
were used for gas chromatographic analysis. The intact glands from male 
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voles were homogenized in 3 ml (.15 g tissue) of 0.05 M-KCl buffered to pH 
2 with HCl. The mixture was centrifuged for ten minutes, then prepared 
for chromatographic analysis (Appendix G). 
The aliquot was injected into a Dohrmann Enwroteck Thermal Conduc­
tivity gas chromatograph (Sunnyvale, Ca.). Its resoflex column operated 
at 120°C column temperature with a carrier gas of Helium at a flow rate of 
120 cc/min. Gas liquid chromotography was used to identify free fatty 
acids. Identification was done by comparing peak heights produced by the 
sample injections with that of known standards. 
Histochemical Procedures 
Histological and histochemical procedures were taken from Humason 
(1972). Tissues were fixed in 10% buffered formalin or Carnoy's fixative. 
Following fixation, tissues were washed overnight in cold water, dehy­
drated through a graded series of ethyl alcohol, cleared in xylene, in­
filtrated in Tissuemat (Fisher Scientific Co.), (56.5°C) and embedded in 
Paraplast (56°-57°C). Sections of 10 p thickness for light microscopy 
were cut on an American Optical Model 820 rotary microtome. Sections were 
then affixed to slides with egg albumen and water and mounted in kleer-
mount. Control slides were prepared by deamination, acetylation and DNA-
RNA removal (Humason, 1972). 
Tissues were frozen by dropping the tissue into -70°C hexane, located 
in a chilling COg bath for 1,5 minutes (Chayen, Bitensky and Butcher, 
1973). Cryostat sections were cut at 15 y. Harderian, oral angle and 
preputial glands were examined for the presence of proteins, lipids. 
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Table 1. Histochemical methods employed for visualizing chemical con­
stituents of preputial, oral angle and Harderian glands 





Positive PAS reactions 
(Glycogen, starch, mucins, 
cellulose. Fibrin, colla­
gen)—rose to purplish red 
Nuclei and other tissue 























Proteins—blue Humason, 1972 (Mazie et al., 
1953) 
Pyronin-Methyl Green ^ Nucleic acids 




Humason, (Kurnick 1972 , 1955) 
Oil Blue Neutral fats—blue Humason, (Pearse, 1972 1968) 
^References in parentheses were cited by Humason (1972) and are 
not listed in the literature review. 
^Tissues from controls only. 
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mucopolysaccharides and nucleic acids. Tissues from control, testosterone 
propionate, castrate and overwintering adults were examined. A summary of 
the histochemical methods utilized is given in Table 1. 
Analysis of Data 
Data were analyzed in consultation with the Department of Statistics, 
Iowa State University. Calculations included means, percentages. Stu­
dent's t-test and analysis of variance (Snedecor and Cochran, 1967). 
The Statistical Analysis System (Barr and Goodwright, 1971) was used 
for obtaining means, standard deviations and graphs for successive trials 
for the behavior elements. 
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RESULTS 
To facilitate reporting, the data were divided into the following 
subsections: behavioral data, organ weights, histology and histochemis­
try. The subsections on the behavioral data will be discussed in the fol­
lowing order: behavioral elements and contributing behaviors, behavioral 
elements versus successive trials, time element of aggression and total 
score of aggression. There are six behavioral elements, namely the ag­
gressive element, the flight element, mating element, displacement ele­
ment, the exploratory element and the investigatory element. Each behav­
ioral element consists of two or more behavioral variables as indicated. 
Elements Variables 
Aggression threat, attack, aggressive groom 
Flight retreat, flee 
Mating mount, thrust 
Exploration exploration, distance ambivalent approach, displacement 
digging 
Displacement self-groom face, self-groom genitalia 
Investigation face-face, nose-nose, sniff back of head, sniff-rump/ 
back/side 
Behavioral variables are defined on pages 46-49. 
Treatment groups will be referred to by the following symbols: 
N normal control males and females 
NO normal control males 
N1 normal control females 







OW or OWl 
P 
0 or 00 orchidectomized (orch.) or castrated males 
overwintering females 
preputialectomized males and females 
preputialectomized males 
preputialectomized females 
testosterone propionate-treated males and females 
testosterone propionate-treated males 
testosterone propionate-treated females 
Behavioral Patterns of Voles 
Social behavior comprises any behavior involving two or more inter­
acting animals. The behaviors have been divided into categories composed 
of acts of apparent motivational similarities; e.g., aggressive, investi­
gative, mating and displacement; examples of each are shown in Plates 1-3. 
The following descriptions of bahavior are common to both males and fe­
males unless otherwise stated. 
Initial acts after removal of the partition include approach and the 
investigatory acts: face-face, mouth-mouth, and nose-nose. Approach is a 
directed movement toward the other animal. When voles are nosing, there 
is close contact between the noses of the two animals (Figure 4). In the 
face-face act (Figure 3), one animal is approached by another animal and 
their faces meet with sniffing. In the mouth to mouth act the voles meet 
and interlock their lips (Figure 16). 
Approach is frequently followed by the investigation of the other 
animal. Investigation among adults involves placing its paws on another 
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animal, nosing or nibbling its fur while exploring any part of the body, 
especially the facial and ano-genital region (Figures 4, 5, 6, and 15). 
The aggressive elements of threat, attack and aggressive groom were 
observed in the vole. A vole's intention to bite is first indicated by 
the raising of its head, then by lowering it and moving it forward. In 
the vole, offensive postures and sparring (Figures 10, 11, 12, 17, 18) 
are associated with a threatening attack consisting of a sequence of 
chase-wrestle-bite; the bite is directed at the nearest part of the 
animal. Although the teeth grip the skin of the other animal and are then 
withdrawn, blood is seldom drawn during fighting. In aggressive groom 
(Figure 7) the teeth are generally used to pull the fur; the act is most 
vigorous and centered around the shoulder region. The aggressor orien­
tates his body at a right angle to and over the opponent's body. A bout 
may last as long as 2-3 minutes, then these animals break apart and either 
one or both retire to separate corners or one vole chases the other for a 
brief period. 
Acts which are associated with flight are flee and retreat. Females 
flee more than males; however, castrated males flee more often than normal 
males. Animals which have lost a fight usually flee from the adversary. 
Another posture of frightened voles is the crouch (Figure 7), which is 
frequently associated with aggressive groom. 
The basic pattern of mating behavior in normal males is sniff, fol­
low, mount and thrust. Sniffing usually involves the exploration of the 
ano-genital region. Follow is self-explanatory; however, in the vole dur­
ing intermale or interfemale attempts at mating, the act of following is 
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faster than is normal male-female mating and sometimes ends in a chase. 
Attempted mounting is sometimes followed by thrusting. 
A number of activities appear in a form and in situations that indi­
cate that they are displacement acts. Normal self-grooming (Figure 9) 
follows this pattern. Normal self-grooming starts with the act of washing 
the face with the licked forepaws and drawing the paws over the head from 
just behind the ears to the tip of the snout. The fur is groomed starting 
at the forebody and moving toward the tail. Displacement self-grooming 
differs from normal self-grooming in that the acts of grooming are gen­
erally shorter and frequently restricted to the face and ano-genital re­
gions. In the distance-ambivalence-approach, a vole may approach another 
by circling it (Figure 8) or moving back and forth in a figure eight 
pattern. In displacement-digging, the vole digs its forepaws into the 
wood shavings, kicks the shavings with its hindpaws (Figure 14), or pushes 
the wood shavings with its snout. 
Exploration consists of investigating the cage in a number of ways 
such as nosing the wood shavings, licking the cage wall (Figure 13) and 
moving along the cage wall while nosing it. Voles often explore the cage 
immediately after entering the cage and between interactions. 
Plate 1. Vole Behavior 
Figure 3. Adult male voles: face-face. 
Figure 4. Adult male voles: nose-nose. 
Figure 5. Voles: left-submissive posture; right-sniff anus. 
Figure 6. Voles: left-submissive posture; right-groom underside. 
Figure 7. Voles: back-aggressive groom; front-crouch. 
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Plate 2. Vole Behavior 
Figure 8. Voles: left-crouch; right-circle approach. 
Figure 9. Vole grooms face. 
Figure 10. Voles sparring: both offensive upright postures. 
Figure 11. Voles: left-submissive posture; right-offensive posture; attack. 
Figure 12. Maie adult voles: left-upright offensive posture (threat); right-submissive 
approach. 
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Plate 3. Vole Behavior 
Figure 13. Vole licking cage wall; exploration. 
Figure 14. Adult male vole digging. 
Figure 15. Adult male vole sniffing anus of another male vole. 
Figure 16. Mouth-mouth interaction of adult male voles. 
Figure 17. Voles: left-offensive upright posture (threat); right-
submissive posture. 
Figure 18. Adult male voles: right and left voles assume offensive 
upright postures (threat). 
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Behavioral Elements Demonstrated by Normal, Castrated, Testosterone 
Propionate-Injected, Preputialectomized, Oral-Angle-
Gland-Removed and Overwintered Voles 
Analysis of variance. Student's t-tests and means for behavioral 
elements and their variables are presented in Tables 2-6. Analyses of 
variance are presented for males and females (Table 4) and males alone 
(Table 3) in summary form. 
Table 2 presents data showing the significant differences between 
treatment groups for each of the six behavioral elements. Analysis of 
variance scores for a single behavioral element can be found in Appendix 
H, Tables H33-H38. Student's t-tests for comparison of normals to each 
treatment group for all behavioral elements are presented in Tables 5a and 
5b. Analysis of variance values for the behavioral variables within each 
element, for both males and females, and according to treatments are shown 
in Table 4. The ANOVA for a single behavioral variable in both males and 
females can be found in Appendix H, Tables H17-H32. Table 3 presents 
ANOVA for the behavioral variables according to treatment for males only. 
ANOVA for a single behavioral variable in males can be found in Appendix 
H, Tables H1-H16. Table 6 contains means for the behavioral elements. 
Means for each animal's behavioral activity during individual behavioral 
acts are presented in Appendix H, Tables H39-49. These tables are in­
cluded to show the contribution of each animal to the final behavior mean 
during a complete round-robin. For all behavioral data the significance 
level was set at p < .01. 
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Aggressive element 
Analysis of variance for aggression (Table 2) indicates no significant 
differences (p < .001) between, normal and testosterone propionate-treated 
males and females. This difference can be attributed mainly to the be­
havioral variables of threat and aggressive groom as shown in Table 4. A 
comparison of the aggressive activities of males and females (Figure 19) 
shows that TP-treated males and females make significantly more threats 
(p < .0001) than normal males and females. However, normal males and fe­
males perform aggressive grooming significantly more (p < .0001) than TP-
treated males and females. Normal and TP-treated males also aggressively 
groom more than (p < .0001) normal and TP-treated females (Table 4). 
In considering only male voles, ANOVA (Table 3) indicates that TP 
males differ significantly from normal males in all aggressive acts ob­
served; threat (p < .004), attack (p < .01) and aggressive groom (p < 
.0001). That is, normal males attack and perform aggressive grooming more 
than TP-treated males, but they do not threaten as much as TP-treated 
males. A comparison of individual groups of males by t-tests (Table 5) 
shows that normal males are more aggressive than orchidectomized or pre­
putialectomized males. Figure 19 indicates that normal males aggressively 
threaten, groom and attack more than orchidectomized or preputialectomized 
males. Orchidectomy significantly (p < .008) reduces the capacity to per­
form threats, however, preputialectomy does not. Interestingly, prepu­
tial ectomy almost completely eliminates aggressive grooming in males. 
A comparison of individual groups of females by t-tests (Table 5 and 
5a) shows that normal females are more aggressive than preputialectomized 
Table 2. Statistical comparisons made using analysis of variance for mean frequencies of behavioral 
elements for control and treatment groups® 
Code^ Aggression Flight Mating Exploratory Displacement Investigatory 
CI _ _c 0.0001^ 0.003 0.0001 0.02 
C2 0.001 0.01 0.0001 0.025 - 0.005 
C3 0.03 - 0.0001 - 0.04 0.0001 
C4 0.005 - 0.008 0.04 0.04 0.02 
C5 - - - 0.006 - -
C6 - - - 0.04 - -
C7 0.0001 0.0001 0.002 0.0001 0.0001 0.0001 
^Analysis of variance of behavioral elements for the treatment groups can be found in Appendix 
H, Tables H33-H38. 
^C1 = N vs. TP; C2 = (NO & TO) vs. (NI & TI); C3 = (NO & TI) vs. (NI & TO); C4 = 00 vs. (NO, 
TO, NI & TI); C5 = PO vs. PI; C6 = MI vs. PO & PI; C7 = N's, T's, & 00) vs. (P's & Ml). 
^Not significant at p < 0.05. 
^Significance level. 
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Table 3. Statistical comparisons made using the analysis of variance test 
for mean frequencies of behavioral patterns in normal, testos­
terone propionate treated and orchidectomized male voles^ 
Treatment groups 
Behavior N vs. TP 0 vs. N + TP 
Displacement element 
Self-groom-geni talia .0001^ .003 
Self-groom-face .0003 c 
Investigation element 
Nose-nose .0001 .0004 
Face-face - -
Sniff-back of head .0001 .01 
Sniff-back/rump/side .0001 .0015 
Flight element 
Retreat - -
Flee - .005 
Aggressive element 
Threat .004 .008 
Attack .01 
Aggressive groom .0001 .034 
Mating element 
Mount - .015 
Thrust - -
Exploratory element 
Explore .02 .0001 
Dis. amb. approach .035 -
Dis-digging .013 
^Analysis of variance of behavioral variables for treatment groups 
can be found in Appendix H, Tables HI-HI6. 
^Significance level. 
^Not significant at p < 0.05. 
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Table 4. Statistical comparisons made using the analysis of variance test 
for mean frequencies of behavioral patterns in normal and tes­
tosterone propionate treated male and female and in orchidecto-
mized male voles® 
Treatment groups 
Behavior N vs. TP Sex N+TP vs. Sex 0 vs. (N+TP) X sex 
Displacement element 
Self-groom genitalia .OOOlb .0001 - -
Self-groom face .0001 _c - -
Investigation element 
Nose-nose .0001 .009 .0001 .001 
Face-face - - - -
Sniff-back of head .0001 .0001 .004 -
S n i ff-rump/back/side .0001 .0001 .0001 -
Flight element 
Retreat .0001 - - .025 
Flee - .015 - -
Aggressive element 
Threat .0001 - - -
Attack - - .006 -
Aggressive groom .0001 .0001 - -
Mating element 
Mount .0001 - .0001 -
Thrust .0001 .0001 .0001 -
Exploratory element 
Explore - .0001 .0001 .0001 
Dis. amb. approach - - - -
Dis-digging .0001 — - -
^Analysis of variance of behavioral variables for treatment groups 
can be found in Appendix H, Tables H17-H32. 
^Significance level. 
^Not significant at p < .05. 
Table 5a. Student's t-tests for behavioral elements, comparison of normal, and treatment groups, 
and cross treatment groups 
Aggressive Flight Mating Exploratory Displacement Investigatory 
Females 
N vs. TP a -1.312^ - .346 -3.663* 0.983 1.550 -1.122 
N vs. OW -3.040* 0.726 -0.068 -1.917 1.440 -2.180 
N vs. P 1.427 2.667 0.096 -0.607 2.453 0.523 
N vs. M 1.656 1.648 -0.429 -0.365 1.209 1.856 
Males 
N vs. P 3.236* -0.278 0.773 -0.724 4.520** 3.736** 
N vs. 0 2.879* -1.120 0.863 0.189 3.337* 5.645** 
P vs. 0 -0.375 -0.764 0.041 3.800** -1.160 -2.576 
N vs. TP 0.735 -0.858 -0.445 2.491 3.435* 2.825* 
Female vs. Male 
N1 vs. NO -2.630 1.546 -0.953 -2.091 -1.821 -5.500** 
^If the first group vs. the second group results in a negative t-value, then the second group 
has a greater mean value than the first for each behavioral element. 
^t-values. 
*p < 0.01. 
**p < 0.001. 
Table 5b. Student's t-tests for behavioral 
pari sons of treatment groups 
elements and variables, corn-
Treatment 
Groups Aggressive Flight Mati ng Exploration Displacement 
N1 vs. TO^ -1.758 0.764^ 
t LO CO If) 1 0.425 1.690 
NO vs. T1 1.239 -2.397 -3.209* 3.047* 3.325* 
TO vs. T1 0.453 -1.602 -2.818 0.553 -0.154 
owl vs. T1 1.814 1.528 -3.639* 2.834* 0.108 
owl vs. TO 0.739 0.000 -3.639* 2.306 0.261 
owl vs. NO -0.753 0.812 -.925 -0.089 -3.217* 
If the first group vs. the second group results in a negative t-value, 
then the second group has a greater mean value than the first for each 
behavioral element. 
^t-values. 
p < 0.01. 
** 
p < 0.001. 
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Aggressive Sniff-back- Sniff back 
Investigation Groom Threat Attack rump-side of head 
-0.358 0.541 -2.383 -0.101 0.230 0.745 
** * ** 
4.020 3.593 -1.525 0.701 4.773 0.045 
-0.705 0.884 0.145 -1.155 0.427 2.826 
0.071 1.235 1.476 -1.633 1.358 0.645 
1.745 -0.269 1.337 -0-402 0.995 0.871 
-2.654 -2.054 2.927* 1.571 -3.045* 0.301 
Table 6. Mean frequencies for behavioral elements and contributing behavior for controls and treat­
ment groups® 
Behavior 
Treatment . groups 
OWl Ml NO N1 00 PO PI TO T1 
Aggressive element 5.47 1.29 4.75 2.56 2.47 2.18 1.55 4.09 3.67 
Threat B-11 4.45 1.25 1.74 1.27 1.35 1.79 1.09 3.10 2.97 
Attack B-12 0.25 0.01 0.83 0.33 0.33 0.39 0.09 0.37 0.53 
Aggressive groom B-16 0.78 0.25 1.99 0.99 0.65 0.00 0.32 0.61 0.17 
Flight element 2.80 2.00 2.16 3.44 3.14 2.39 1.20 2.80 4.13 
Retreat B-9 1.02 0.54 1.34 1.12 1.08 0.88 0.65 1.76 2.13 
Flee B-10 1.78 1.46 0.81 2.27 2.06 1.51 0.54 1.04 2.00 
Mating element 0.02 0.16 0.33 0.02 0.07 0.04 0.00 0.60 3.73 
Mount B-17 0.02 0.10 0.17 0.02 0.03 0.00 0.00 0.30 1.31 
Thrust B-18 0.00 0.07 0.06 0.00 0.04 0.00 0.00 0.30 2.40 
Exploratory element 6.30 4.95 6.38 4.64 3.68 7.03 5.15 4.30 3.86 
Explore B- 2 1.70 0.65 2.35 1.36 1.16 1.07 0.86 1.79 1.73 
Dist/amb/appro. B-•19 2.49 0.74 1.38 1.10 0.92 1.28 0.84 0.94 1.16 
Digging B- 21 2.09 4.07 2.45 2.01 2.07 4.14 3.44 1.56 0.97 
Displacement element 2.22 2.29 4.55 3.18 2.14 1.44 1.55 2.05 2.15 
Self-groom gent. B-•5 0.61 0.86 2.01 0.90 0.63 0.25 0.36 0.78 0.40 
Self-groom face B-•6 1.61 1.43 2.53 2.28 1.51 1.81 1.18 1.27 1.75 
Investigatory element 7.45 2.93 10.70 4.89 4.48 1.89 4.33 5.30 6.10 
Nose-nose B-•3 1.38 0.49 2.15 0.71 0.42 0.86 1.87 0.33 0.86 
Face-face B-•4 3.38 0.99 2.51 2.21 2.09 0.49 0.81 3.19 4.00 
Sniff-head-back B-•7 0.52 0.52 1.31 0.38 0.43 0.14 0.93 0.35 0.10 
Sn i ff-rump/back/side B-•8 2.17 0.93 4.73 1.58 1.53 0.39 0.71 1.42 1.14 
^Means for each behavioral variable by individual animals within treatment groups during a 
complete round-robin are given in Appendix H, Tables H39-H47. 
Figure 19. Histogram showing aggressive behavior of control voles (N) compared to the voles in the 
following treatment groups: testosterone propionate injected (T), orchidectomized (0), 
preputialectomized (P), overwintering (OW) and oral angle gland removed (M) 






and oral-angle-gland-removed females, but that normal females are less 
aggressive than TP-treated and overwintered females. Figure 19 shows that 
females who are given testosterone propionate or kept under wintering 
conditions aggressively threaten more than normal females. Removal of the 
preputial and oral angle glands caused a reduction in aggressive grooming 
and attacks. 
Flight element 
There were no significant differences indicated by ANOVA in the total 
flight element between normal and TP-treated males and that of castrated 
males (Table 3). However, a comparison by t-tests (Tables 5a and 5b) and 
means (Table 6) pointed out that TP-treated and castrated males exhibited 
greater flight activity than normal or preputialectomized males. There 
was a significant difference (p < .01) between normal and TP-treated males 
and females in flight activity (Table 2). This difference in total flight 
activity (Table 4) was due to retreating (p < .0001) 
There was no significant difference in the total flight element be­
tween preputialectomized males and females and oral-angle-gland-removed 
females (Figure 20). Nevertheless, these groups differ significantly (p 
< .0001) from normal, TP and orchidectomized animals (Table 2). 
Means (Table 6) show that females treated with TP had increased 
flight activity above that of normal females, whereas, normal females had 
higher flight activity than that of overwintering, preputialectomized and 
oral-angle-gland-removed females. 
Differences in flight activity in treatment groups were determined by 
two factors: the amount of aggressive activity displayed by the opponent 
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which would result in avoidance behavior by the submissive vole and 
secondly, the actual avoidance of the opponent upon the approach of the 
adversary. Also, flight activity was an indication of the total amount of 
interaction between animals, since flight activity was highest in normal 
and TP-treated groups which displayed the greatest amount of aggression 
and castrated males where less aggression and more avoidance behavior 
occurred. 
Mating element 
There was a highly significant difference (p < .0001) between normal 
and TP-treated males and females (Table 2) during mating activities—both 
mounting and thrusting (Table 4). Comparisons by means (Table 6) and 
Student's t-tests (Tables 5a and 5b) point out that the TP-treated females 
had a greater effect on the mating activities than any other experimental 
group (Figure 20). 
The castrated males were not significantly different (Table 3) from 
the normal and TP-treated males in mating activities. ANOVA indicated no 
significant differences between the mating elements of preputialectomized 
males and females and that of females with the oral-angle-gland-removed 
(Table 2). 
Exploratory element 
Highly significant differences (p < .0001) were observed between the 
orchidectomized males and normal and TP-treated males during exploration 
(Table 3). Analysis of the means (Table 6) and t-tests (Table 5a) indi­
cate that normal males explored more than orchidectomized or TP-treated 
males, however, preputialectomy enhanced exploratory activity. 
Figure 20. Histograms comparing the element of flight (Figure A-left) and mating (Figure B-
right) among treatment groups: normals (N), testosterone propionate-injected (T), pre­
putial ectoini zed (P), orchidectomized (0), overwintering (OW) and oral angle gland re­
moved (M). 
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Significant differences (p < .0001) were found between normal and TP-
treated females and males (Table 4) exhibiting displacement-digging. How­
ever, in the comparison of males and females (Table 4), exploring differed 
significantly (p < .0001) between the sexes and normal and TP-treated 
animals versus sex, while orchidectomized animals differed significantly 
(p < .0001) from TP-treated and normal females. 
Comparison of individual groups by t-tests suggested that normal 
females explored more than TP-treated females, but less than prepu­
tial ectomi zed, overwintered and oral-angle-gland-removed females (Table 
5a). Females with their oral angle glands removed explored least of all 
experimental groups (Figure 21). 
Displacement element 
Displacement activities displayed by normal males and females (Table 
2) were significantly greater (p < .0001) than those of TP-treated males 
and females. Table 4 and Figure 22 show that self-grooming of the geni­
talia as well as of the face contributed to this activity. Males self-
groomed significantly more (p < .0001) than females. Orchidectomized 
males groomed their genitalia significantly less (p < .003) than normal or 
TP-treated males (Table 3), but there were no differences between these 
groups in the amount of facial grooming. Male and female voles with pre­
putial glands removed and females with oral angle glands removed groomed 
significantly less (p < .0001) than normal, TP-treated and castrated ani­
mals (Table 2). Comparisons by t-test point out that male and female 
controls exhibit significantly more displacement grooming than all other 
experimental groups (Table 5a). 
Figure 21. Histogram comparing the element of exploratory behavior 
among treatment groups: normals (N), testosterone 
propionate-injected (T), preputialectomized (P), 
orchidectomized (0), overwintering (OW), and oral angle 









Figure 22. Histogram comparing the element of displacement behavior 
among treatment groups: normals (N), testosterone 
propionate-injected (T), preputialectomized (P), 
orchidectomized (0), overwintering (OVJ), and oral angle 











Significant differences were found between normal and TP-treated 
males and females (Table 2) in the number of investigations conducted 
(p < .0001). Within the investigatory element (Table 4) significant dif­
ferences (p < .0001) were found between normal and TP-treated animals for 
nose-nose, sniff-back-of-head and sniff-rump-back-side. There were no 
significant differences between sexes for face-face investigations. 
Castrated males investigated less than normals but more than TP-
treated males (Figure 23). The ANOVA indicates that castrated males dif­
fer significantly (p < .0004) from normal and TP-treated animals in nose-
nose investigations (Table 3). 
Significant differences (p < .0001) in investigatory behavior were 
found between normal, TP-treated voles and castrates (Table 2), and that 
of preputialectomized males and females, and oral-angle-gland-removed 
females. Individual group analysis by t-test indicates that normal males 
investigate more than TP-treated, castrated or preputialectomized males 
(Table 5a, Figure 23). Normal males also investigate more than normal 
females. 
According to the t-test comparisons and Figure 23, overwintering fe­
males investigated the face and rump-back-side more than preputialecto­
mi zed females. Overwintering females also investigated the regions of the 
nose, face and rump-back-side more than females with the oral-angle-
gland-removed. Oral-angle-gland removed females investigated the least of 
all the treatment groups, except preputialectomized males (Figure 23). 
All aspects of investigative activity were generally depressed in TP-
Figure 23. Histogram showing investigative behavior of control voles (N) compared to the voles in 
the following treatment groups: testosterone propionate injected (T), orchidectomized 
(0), preputialectomized (P), overwintering (OW), and oral angle gland removed (M). 
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treated males and females except for face-face interactions in TP-treated 
females. This depression of investigative activity can perhaps be ac­
counted for by the increased time spent in other behavioral activities 
(i.e., aggression), thus there was less time for investigation. 
Modification of Behavior by Experience 
Over Successive Trials 
It has been stated that experiences over time may influence an ani­
mal's behavior to subsequent behavioral stimuli. To investigate this 
possibility, animal group performance for each behavioral element was 
analyzed over successive trials. 
In all graphs in this section, a scale of activity has been adopted 
in which the occurrence of aggression, exploration, investigation, flight, 
mating and displacement behavioral elements was measured in terms of mean 
amount versus successive trials. Thus comparisons of the mean of each 
behavioral element over time may be made. 
Figures 24-30 with supporting Tables 7-12 indicate the amount of 
activity for each behavioral element which occurred during successive 
trials in controls and all treatment groups of M. ochrogaster. These 
graphs clearly show the fluctuations that may normally be present in a 
given behavioral element during successive trials of encounters. 
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The effect of successive trials on the aggressive behavior element 
(Figure 24, Table 7) 
The average amount of aggression per group per trial for normal and 
treated voles is shown in Figure 24. It is evident that large fluctua­
tions in the amount of aggression do occur. However, in the first 
trials, the average amount of aggression displayed by normal males was 
greater than that shown by the other groups. On the other hand, the TP-
injected males exceeded the normals in the amount of aggression in five of 
eleven trials. Overwintering females had the highest average amount of 
aggression of all groups during Trials 3, 5, and 7. 
There was a tendency for the voles to be relatively aggressive during 
the first trial of encounters, unaggressive during the second and third 
trials, increasingly aggressive during later encounters, and finally, 
after meeting in numerous encounters to show decreased aggressiveness. 
Aggressiveness fluctuated over successive trials, although there was no 
appreciable increase-or decrease in aggressive behavior over time. 
The effect of successive trials on flight behavior element (Figure 25, 
Table 8) 
Figure 25 shows the fluctuating pattern of flight activity which oc­
curred during successive trials of encounters in controls and treatment 
groups. Although variations in the average amount of flight activity per­
sisted throughout each group, all groups showed a progressive decline in 
flight behavior until the tenth trial. After which, overwintering and TP-
treated females showed a slight increase in flight activity. Castrated 
Figure 24. Aggressive behavior element: comparison of the average amount of aggressive activity 
per group per successive trial of normal males (NO), normal females (Nl), testosterone 
proprionate (TP), treated males (TO), TP treated females (Tl), preputialectomized (P) 
males (PO), preputialectomized females (PI), overwintering females (OWl), castrated 
males (00) and oral gland removed females (Ml). 
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Table 7. Means and standard deviations for the aggressive behavior ele­
ment of control and treatment groups® 
No. of 
trials NO N1 TO T1 00 
1 4.U4.6 4.8±4.0 4.0±4.8 6.3±5.6 4.9+4.3 
2 6.5±4.8 2.0±3.0 4.2+4.5 4.4±4.6 4.0+3.7 
3 4.3±4.5 1.7+2.7 2.5±1.9 4.1±4.5 2.6+2.3 
4 4.2±2.8 3.0+3.5 5.0+4.1 5.0±8.1 2.7+3.2 
5 4.5±3.4 2.9±4.1 4.9±5.4 3.6±4.9 2.5 ±3.3 
6 5.3±3.1 3.0±5.5 1.3+2.5 2.5+2.2 1.0+0.7 
7 5.7±4.1 2.3±2.5 1.5±2.3 3.4±4.3 2.2+3.8 
8 5.0±3.2 2.3±3.0 6.4±9.0 4.3+3.8 2.3+2.3 
9 3.4±2.9 3.0±3.0 5.4±6.5 2.0±2.1 1.2±1.8 
10 4.2±4.1 1.4±1.5 5.6+4.1 2.0+2.7 1.9+2.7 
n 4.5±4.7 1.2±1.4 3.8+4.4 2.3+2.3 
PO PI Ml owl 
• 
1 3.2+3.2 4.0±4.8 2.7±3.9 5-5±5.4 
2 4.9±7.5 1.5±1.7 0.9+2.7 3.6±3.4 
3 2.0±2.7 1.3±2.0 0.9±1.5 9.6±14.0 
4 1.0±1.6 1.4±1.3 0.6±1.5 4.8+3.3 
5 2.4+3.3 1.U1.3 2.0+3.5 7.3+8.8 
6 1.8±1.4 1.2±1.8 1.4+3.5 5.1 ±6.1 
7 0.6±1.5 1.7±2.0 1.3±2.4 8.1+7.5 
8 1.0±1.5 0.6±1.0 0.4±0.9 4.2±3.5 
9 1.2±2.4 l.Otl.l 1.5±1.9 5.0±5.3 
10 3.6±7.9 1.1±1.5 0.9±1.6 3.3+4.9 
11 1.7±2.6 1.6±2.0 3.2+3.7 
^Group code explained in Figure 24. 
Figure 25. Flight behavior element: comparison of the average amount of flight activity per group 
per successive trial of normal males (NO), normal females (Nl), testosterone propionate 
(TP) treated males (TO), TP treated females (Tl), preputialectomized (P) males (PO), 
preputialectomized females (PI), overwintering females (OWl), castrated males (00) and 
oral gland removed females (Ml). 
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Table 8. Means and standard deviations for the flight behavior element 
of control and treatment groups^ 
No. of 
trials NO N1 TO T1 00 
1 3.8±5.3 6.8±8.2 3.4±2.8 5.5±5.5 3.8+2.7 
2 1.5±2.5 5.5±3.8 4.4+4.1 6.9±6.0 2.0+2.3 
3 2.U1.8 4.7±6.0 1.7+2.7 6.4+5.9 3.9+3.9 
4 2.0±i.9 4.7±6.0 3.8±2.5 5.1+3.5 1.1 ±1.1 
5 1.6+2.8 3.0+2.1 3.4±5.3 3.4±4.2 1.8+2.6 
6 1.1±1.4 2.8±3.3 2.0+2.8 4.9±3.1 2.1+4.7 
7 1.7±1.3 4.2+4.0 2.1+2.3 2.9+2.4 1.7±1.7 
8 2.0±1.8 1.U1.3 2.2±1.8 2.9+3.0 5.8±11.9 
9 2.4±3.8 2.1+3.1 2.5±3.4 3.5±5.5 4.3±6.5 
10 0.6±0.7 0.9±1.4 2.0±1.3 2.2+2.3 3.5+4.7 
11 4.5±5.3 1.5±1.6 3.0+3.8 1.3±1.9 
PO PI Ml OWl 
1 3.0+3.7 1.6±1.1 2.1+2.3 3.0+3.4 
2 2.8±3.5 1.3±0.9 0.9+1.1 2.2+2.6 
3 5.8±11.3 7.9±3.4 0.9+2.3 1.4±1.5 
4 1.2±1.8 5.3±2.5 3.7 ±5.6 1.6+2.0 
5 1.4+2.3 1.5+0.7 2.0+3.2 2.5+3.0 
5 5.1±8.9 0.6±0.5 3.4+2.9 5.2±6.7 
7 1.2±1.9 2.U1.0 1.5+2.6 4.6+4.9 
8 1.8+3.6 0.9±0.5 0.4±0.6 2.0+2.2 
9 0.5±0.9 0.9+0.8 2.1+2.1 2.0+3.0 
10 0.4±0.7 0.9±0.4 2.6+4.2 2.4+4.7 
11 1.8±2.4 2.5±1.0 3.3+5.1 
^Group code explained in Figure 25. 
95 
males showed a marked increase in flight behavior after the seventh trial 
(Table 8). 
The effect of successive trials on the mating element of behavior 
(Figures 26 and 27, Table 9) 
In the nine groups of voles I have compared attempted mating in 
male-male interactions and female-female interactions. 
Attempts to mate in normal and TP-treated males were approximately 
zero during the first five trials and increased moderately, less than a 
mean average of two, during subsequent trials. On the other hand, TP-
treated and oral-angle-gland-removed females increased their mounting and 
thrusting activity over successive trials. Attempts to mate in TP-
treated females were above normal during the first trial and were 2-5 times 
more frequent during the final six trials. Females with their oral angle 
gland removed had an increase in attempted mating behavior between trials 
1-3, 5-7 and 8-10; each time the average number of mounts and thrusts in­
creased sharply. In other treatment groups, the number of attempted 
mating episodes was unchanged. 
The effect of successive trials on the exploratory behavior element 
(Figure 28, Table 10) 
Fluctuating levels of exploration persisted in all groups. Explora­
tion was progressively inhibited and delay in exploring the cage increased 
with successive trials. In contrast to other groups, preputialectomized 
females increased cage exploration after trial seven. The greatest aver­
age amount of exploration was made by preputialectomized males, over-
Figure 26. Mating behavior element: comparison of the average amount of mating activity per group 
per successive trial of normal males (NO), normal females (Nl), testosterone propionate-
treated males (TO), testosterone propionate-treated females (Tl), and castrated males 
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Figure 27. Mating behavior element: comparison of the average amount of mating activity per group 
per successive trial of preputialectomized males (PO), preputialectomized females (PI), 
oral gland removed females (Ml) and overwintering females (OWl). 
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Table 9. Means and standard deviations for the mating behavior element 
of control and treatment groups^ 
No. of 
trials NO N1 TO T1 00 
1 0.2±0.4 0.0±0.0 1.5i5.4 O.OiO.O O.OiO.O 
2 0.0±0.2 O.OiO.O O.OiO.O 0.0+0.0 O.OiO.O 
3 0.0+0.2 0.0±0.0 O.liO.5 2.9+8.3 O.OiO.O 
4 0.0±0.2 0.0+0.0 O.OiO.O O.OiO.O O.liO.3 
5 0.4±1.1 0.0±0.2 O.OiO.O 2.2+5.7 O.OiO.O 
6 0.0±0.2 O.OiO.O 1.3i2.4 2.0i6.9 O.OiO.O 
7 O.OiO.O O.OiO.O O.OiO.O 6.1+14.0 O.liO.5 
8 0.0±0.2 O.OiO.2 O.OiO.O 11.9+26.3 O.OiO.O 
9 0.3±0.8 O.OiO.O 0.6i2.3 2.0i6.9 O.OiO.O 
10 0.6+1.2 0.0+0.0 1.5+4.0 4.7+10.7 0.0+0.0 
11 1.5±2.9 O.OiO.O 1.3+4.3 9.0il2.5 
PO PI Ml OWl 
1 0.0±0.0 O.OiO.O O.OiO.O O.OiO.O 
2 0.4±1.4 O.OiO.O O.OiO.3 O.OiO.O 
3 0.0±0.0 O.OiO.O O.OiO.O O.OiO.O 
4 O.OiO.O O.OiO.O O.OiO.O O.OiO.O 
5 O.OiO.O O.OiO.O O.OiO.O 0.0+0.0 
6 O.OiO.O O.OiO.O 0.6il.8 O.OiO.2 
7 0.0±0.0 O.OiO.O 0.0+0.0 O.OiO.O 
8 O.OiO.O O.OiO.O O.OiO.O O.OiO.O 
9 O.OiO.O O.OiO.O 0.9i3.0 O.OiO.O 
10 0.0±0.0 O.OiO.O O.OiO.O O.OiO.O 
n 0.0±0.0 O.OiO.O O.OiO.2 
^Group codes explained in Figures 26 and 27. 
Figure 28. Explorative behavior element: comparison of the average amount of exploratory activity 
per group per successive trial of normal males (NO), normal females (Nl), testosterone 
propionate (TP) treated males (TO), TP treated females (Tl), preputialectomized (P) 
males (PO), preputialectomized females (PI), overwintering females (OWl), castrated 
males (00) and oral gland removed females (Ml). 
MEANS FOR EXPLORATORY BEHAVIOR ELEMENT 
—  n o  w - c »  0 9  t o o  
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Table 10. Means and standard deviations for the exploratory behavior ele­
ment of control and treatment groups^ 
No. of 
trials NO N1 TO T1 00 
1 7.6±4.0 3.9±7.6 5.7±3.1 6.0±2.5 7.2±3.7 
2 4.6±3.2 3.7+6.9 4.6±3.3 4.5+2.2 4.4±3.5 
3 9.0+5.8 3.7±6.0 4.0±2.6 4.9+3.4 5.0±6.1 
4 7.2±3.8 3.2±5.3 5.0±5.0 3.6+2.8 3.2±2.0 
5 5.2±3.7 3.1+3.7 3.6+2.9 2.7+2.5 4.0±3.1 
6 5.2±3.9 2.0±2.9 2.9+2.3 6.1 ±6.8 3.0±2.6 
7 5.4±2.7 2.9±5.0 3.3±3.3 3.5±3.3 2.0±2.2 
8 5.5±2.9 3.5±3.7 6.1+4.1 2.5+1.6 1.3+1.4 
9 6.8±5.1 2.7±4.5 4.0±3.5 4.0+2.9 4.0+4.1 
10 6.3±4.5 2.3+2.4 3.2±3.9 2.9±2.7 3.5±5.5 
n 6.8±3.8 3.0+2.7 4.5±3.7 1.5±1.5 
PC PI Ml OWl 
1 10.6+5.7 4.7±2.7 4.8±3.4 7.8±5.6 
2 6.5±3.2 4.8±4.6 4.4±3.5 6.3±4.6 
3 7.9±5.9 5.2±3.6 4.7±3.4 9.5±5.1 
4 7.3±3.8 4.6±4.8 3.2±4.0 5.5±6.1 
5 6.6±3.2 3.4±2.4 5.5±3.5 6.8±5.0 
6 6.3±3.8 4.3±3.0 4.9+3.9 6.6±4.4 
7 5.0±1.6 2.5±3.0 4.2±3.3 5.5±3.0 
3 5.1±3.4 4.5±3.2 4.6±3.5 6.1+2.8 
9 7.5±4.4 6.8±4.4 5.1±3.8 5.2±3.4 
10 7.6±7.8 9.0+6.9 7.6±4.6 4.7±3.0 
11 6.2±4.8 6.3±3.8 4.8±6.6 
®6roup code explained in Figure 28. 
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wintering females and normal males, with overwintering females exploring 
the most (Table 10). 
Exploration increased with preputialectomy which perhaps is indica­
tive of the lack of olfactory cues in the environment. 
The effect of successive trials on the displacement behavior element 
(Figure 29, Table 11) 
Normal males exhibited more displacement self-grooming than normal 
females. Displacement self-grooming was more intense in normal groups 
than in the treatment groups. Normal, preputialectomized and oral-gland-
removed females decreased displacement activities at the outset, then 
showed a marked increase in displacement behavior during the latter half 
of the trials. In other experimental groups, the displacement behavior 
did not show marked changes with successive encounters. 
The effect of successive trials on the investigative behavior element 
(Figure 30, Table 12) 
Although fluctuations in the amount of investigative behavior oc­
curred in all groups over successive trials, differences can be seen be­
tween treatment groups (Figure 30). Normal males investigated more than 
normal females, and more than those in all other treatment groups. Tes­
tosterone propionate-treated females increased investigations from a mean 
score of 4.5 during Trial 1, to 12.5 by Trial 11. Overwintering females 
had the highest mean investigative score by Trial 11, but the overall 
investigative activity was less than that of normal males. Preputialecto­
mized and oral-angle-gland-removed groups investigated less than normal. 
Figure 29. Displacement behavior element: comparison of the average amount of displacement activity 
per group per successive trial of normal males (NO), normal females (Nl), testosterone 
propionate (TP) treated males (TO), TP treated females (Tl), preputialectomized (P) 
males (P0|, preputialectomized females (PI), overwintering females (OWl), castrated 
males (00) and oral gland removed females (Ml). 
TO = A  
T I  = 9  
y 0.6 
5 6 7 
N U M B E R  O F  T R I A L S  
107 
Table 11. Means and standard deviations for the displacement behavior 
element of control and treatment groups^ 
No. of 
trials NO N1 TO T1 00 
1 5.3±3.5 3.9+2.7 2.7+2.3 2.7±1.7 1.8+2.0 
2 5.6±4.5 3.4+3.4 1.3±1.4 2.5±1.7 1.8+2.5 
3 4.5±4.3 3.U3.0 
CD +i 00 2.0±1.9 2.1 ±1.4 
4 4.0±3.2 2.0+2.0 2.0+2.3 1.6±0.9 2.9+2.9 
5 4.7±2.5 2.1+1.4 1.4+2.3 1.5±1.0 3.0+2.7 
6 2.7±2.3 2.7±1.7 1.9+2.1 1.8±1.1 1.7±1.4 
7 3.3±2.0 4.1+3.0 2.4+2.6 3.0±3.4 1.0±1.7 
8 3.2±2.7 4.U4.1 1.2±1.7 2.3±2.9 1.1 ±1.2 
9 5.3±3.8 3.1±1.6 2.2±1.9 1.9+2.6 2.0±1.4 
10 5.0+2.7 2.5+2.2 2.1+2.3 2.6+3.7 3.3±3.7 
11 5.9±4.7 3.5+2.5 3.1±3.9 1.3+2.0 
PO PI Ml OWl 
1 1.2±1.2 1.7+2.5 2.6+2.8 2.9±2.0 
2 1.2±1.5 0.5±1.1 2.1+2.1 2.5+2.6 
3 1.5±1.7 0.5±0.7 2.5±3.2 2.6±1.7 
4 l.lil.l 1.7±2.3 1.0±1.0 1.7+2.1 
5 2.0±2.7 +
1 00 2.0±1.5 2.5±3.2 
6 0.6±0.9 0.9±1.3 +
1 o
 2.7±2.7 
7 0.7±1.0 0.5±0.7 3.3±3.2 1.4±1.4 
8 1.6±2.0 1.3±1.4 3.2+4.5 2.5+2.9 
9 1.5±1.7 1.7+2.9 2.2±4.6 2.3+2.5 
10 1.3±1.5 2.8±3.4 2.7±1.9 1.5±1.6 
11 2.5±2.3 3.1+3.2 1.5±1.8 
^Group code explained in Figure 29. 
Figure 30. Investigative behavior element: comparison of the average amount of investigative 
activity per group per successive trial of normal males (NO), normal females (Nl), 
testosterone propionate (TP) treated males (TO), TP treated females (Tl), pre­
putial ectomi zed (P) males (PO), preputialectomized females (PI), overwintering 
females (OWl), castrated males (00) and oral gland removed females (Ml). 
K E Y  :  P0= t> NO=x 
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Table 12. Means and standard deviations for the investigation behavior 
element of control and treatment groups^ 
No. of 
trials NO N1 TO T1 00 
1 12.5±9.2 8.8±6.9 6.9±5.2 4.5+4.7 5.8±6.1 
2 13.5+9.9 5.6±6.0 6.6±9.9 3.0+4.1 4.7+4.2 
3 11.3±5.5 2.7±2.9 3.8+4.4 4.1±6.6 9.6+4.7 
4 7.8±4.9 4.4±6.2 6.1±9.5 2.5±3.5 7.1±6.9 
5 8.6±2.7 5.1±5.7 2.5±3.6 4.8±7.1 6.0±5.1 
6 10.3±7.1 3.6+3.9 4.8±6.1 5.0±6.1 7.0+4.4 
7 9.0±5.3 3.6±4.0 1.9±3.6 6.6+8.2 7.2±5.0 
8 11.6±4.7 6.2±6.9 7.4+8.1 9.4±9.1 6.7±3.4 
9 1G.4±6.5 6.7±6.0 6.0±6.9 8.5±10.9 8.6+4.9 
10 13.0±10.7 4.3±4.6 8.0±9.7 5.7±6.5 4.0+2.3 
11 9.2+3.1 2.2±2.9 3.9±4.4 12.5+8.9 
PO PI Ml OWl 
1 2.9±3.8 8.0+13.1 1.2±1.6 9.8±11.1 
2 1.4±3.4 5.5±8.5 5.8±10.9 9.4+8.8 
3 2.U2.8 4.2±7.2 1.3+3.3 6.0±6.9 
4 0.6±1.1 6.2±7.0 1.3±3.0 7.5±7.9 
5 1.U2.7 3.8±5.6 2.6±4.8 6.5±10.5 
6 2.0±3.3 2.2±3.3 2.4±5.9 9.6±13.0 
7 0.2±0.6 4.6+7.1 1.9±3.5 2.5±3.7 
8 0.7±1.8 2.2±4.7 4.3±6.8 5.1±5.0 
9 2.6±6.4 2.2±2.5 5.0±7.3 6.5±10.6 
10 3.3±8.2 3.5±5.6 3.0±4.1 4.9±6.6 
11 3.U7.4 4.9±7.5 13.5±15.2 
®Group code explained in Figure 30. 
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TP-treated and overwintering groups. No consistent drop in investigative 
behavior can be attributed to the number of trials since fluctuations in 
investigative behavior persisted in each group throughout the trial 
period. 
Time (in seconds) Element of First Encounter and Aggressive 
Behavior, Total Aggression Score and Ratio 
of Time Spent in Aggressive Encounters 
Analysis of variance for the timed element and total aggression 
scores are presented in Tables 13-17, while means for each of these are 
presented in Table 18. 
Mean latency of first encounter 
At the beginning of each observational period, two animals were 
placed in a partitioned arena, such that no physical interactions between 
these voles could occur. Just as the partition was removed, timed (in 
seconds) measurements were taken. The time lag between the removal of the 
partition and the first interaction between the voles was designated as 
the latency of the first encounter. 
Analysis of variance indicates a significant difference (p < .0001) 
between experimental groups (Table 13). Normal males and TP-injected 
females had the shortest time lag before an encounter, means of 23.97 and 
36.29, respectively (Table 18), while TP-treated males and overwintering 
females had similar latencies before beginning the first encounter, means 
of 61.39 and 58.17, respectively. Normal females and castrated males had 
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Table 13. Analysis of variance for latency of first encounter for all 
experimental groups 
Source df Mean square F-value Prob>F 
Between group treatment 8 248130 10.91 .0001 
Error (within groups) 98 21966.7 
Table 14. Analysis of variance for latency of first aggressive encounter 
for all experimental groups 
Source df Mean square F-value Prob>F 












Error (within groups) 98 21966.7 
Table 15. Analysis of variance for duration of aggressive encounters for 
all experimental groups 
Source df Mean square F-value Prob>F 
Between group treatment 8 241179 15.61 .0001 
Error (within groups) 98 15454.9 
Table 16. Analysis of variance for the ratio of total 
duration of aggressive encounters 
aggression scores to 
Source df Mean square F-value Prob>F 
Between group treatment 8 1.52 35.9 .0001 
Error (within groups) 98 .042 
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Table 17. Analysis of variance for the ratio of total aggressive score 
to frequency of aggression 
Source df Mean square F-value Prob>F 
Between group treatment 8 113.0 2.30 .05 
Error (within groups) 98 55.7 
similar means. The highest latency before the first encounter was shown by 
preputialectomized males and oral-angle-gland-removed females. 
Mean latency of first aggressive encounter 
The mean latency period before the first aggressive encounter was 
significantly different (p < .0001) between controls and treatment groups 
(Table 14). The groups that were first to attack were normal males and 
TP-treated females, both possessing a mean latency of 69 seconds (Table 
18). TP-treated males and overwintering females began attacking after 
94.26 and 100.40 seconds, respectively. The mean latency before aggres­
sion was similar in orchidectomized males and normal females (Table 18). 
Females with their oral angle glands removed had a longer latency period 
before aggression than preputialectomized females and males. 
Mean duration of aggressive encounters 
Total duration of aggressive encounters was significantly different 
(p < .0001) between controls and treatment groups (Table 15). Oral-angle-
gland-removed females spent the least amount of time in combat (Table 18). 
Preputialectomized males fought longer than preputialectomized females, but 
less than normal or TP-treated adults. There were little mean differences 
between normal adults and castrated males in the time spent in aggressive 
Table 18. List of means for timed (in seconds) aggressive element, time of first encounter and 
total aggressive score 
Groups MLEl MLAl 
Means 






















































Key: MLEl = mean latency of first encounter 
MLAl = mean latency of first aggressive encounter 
MLAT = mean latency of duration of attack 
TS = total aggressive score 
FAE = frequency of aggressive element 
LAT = latency of attack 
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encounters. TP-treated males and females fought longer than any other 
group. 
Means of total aggression scores 
The highest aggressive score was made fay normal males, a mean score 
of 27.18, followed by TP-treated males and females with means of 19.36 and 
19.29, respectively. Castrated males and normal females had identical 
total aggressive mean scores (Table 18). Preputialectomized males and 
females showed less aggressiveness than normal and TP-treated adults but 
more than oral-angle-gland-removed females. The aggressive score is 
indicative of both the frequency and type of combats. 
Ratio of the total aggression scores to the duration of aggressive 
encounters 
The aggressive scores per second were calculated as: total score of 
attacks/length of attack period; this measures the intensity of attacks 
per unit time, adopted from Charpentier (1969). ANOVA indicates a sig­
nificant difference (p < .0001) (Table 15), between normal and treated 
animals for the intensity of attacks per unit time. No obvious differ­
ences were found between normals and TP-treated males and females in the 
intensity of attacks over time. 
Castrates were less aggressive than other experimental groups. 
Fights among overwintering females were more intense than those of normal 
and TP-treated adults. The most vicious fighting was shown by females 
with their oral-angle gland removed, followed by preputialectomized males 
and females (Table 18). Preputialectomized males and females and oral-
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gland-removed females fought less than normal and TP-treated voles, but 
their aggressive encounters lasted longer. 
Ratio of total aggressive score to frequency of aggressive behavior 
The mean intensity of aggressive encounters, calculated from the 
total score of aggression/frequency of aggressive encounters, measures the 
intensity of each aggressive movement of the vole, adopted from Charpen­
tier (1969). There were no significant differences between the controls 
and the treatment groups for the intensity of aggressive movements (Table 
16). The intensity of aggressive movements was very similar in normal 
males and TP-treated females. The aggressiveness of normal and over­
wintering females parallels that of TP-treated males. Oral-angle-gland-
removed females showed the least amount of intensity per aggressive move­
ment. Castrated and preputialectomized males were less aggressive than 
normal, TP-treated and overwintering males and females (Table 18). Thus, 
normal and TP-treated animals did not only fight more frequently than 
preputialectomized animals or castrated males but with greater intensity. 
Organ Weights of Normal and Testosterone Propionate-
Treated Males and Females, Castrated 
Males and Overwintering Females 
Analysis of variance for exocrine and endocrine gland weights are 
presented in Tables 19-26. Summarized analysis of variance tables are 
presented in Appendix H (Tables H48-H59). Comparisons of glandular 
weights for controls and treatment groups are shown in Tables 19 and 20. 
In Table 19 both castrated males and overwintering females are compared to 
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normal and TP-treated males and females, whereas overwintering females are 
not included in Table 20. Thus, the effect of overwintering on glandular 
weight can be compared to that of castration and testosterone treatment. 
Means for gland weight versus treatments are listed in Table 27. 
Preputial gland weights 
There were no significant differences among the mean preputial gland 
weights of normal and TP-treated males and females, but female glands were 
significantly lighter (p < .0001) than those in males (Table 20). This 
difference is due to actual gland size with the female gland being much 
smaller than that of the male. Preputial gland weights of castrates were 
significantly lower (p < .03) than those of both normal and TP-treated 
males (Table 27). These findings are consistent with those of Koren-
chevski et al. (1937) and Thody and Shuster (1970) who found that in male 
and female rats testosterone propionate increased preputial gland weight, 
whereas castration decreased it. 
Adrenal gland weights 
The adrenal gland weight for the normal, castrate and TP-treated 
animals did not differ significantly (Table 27), whereas the adrenal 
weight of the overwintering females was significantly increased (p < 
.0001) over that of the other three groups (Table 19). 
Thyroid gland weights 
Thyroid gland weights were significantly different (p < .02) between 
normal males and females (Table 19). The thyroid gland weights of normal 
and TP-treated females were significantly higher (p < .04) than normal and 
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TP-treated males. Castration had no significant effect on thyroid gland 
weight (Table 20). 
Pituitary gland weights 
ANOVA comparisons of pituitary gland weights revealed a significant 
increase (p < .005) in TP-treated animals over normal-controls (Table 19). 
Males had a greater pituitary weight than normal males but less than TP-
treated males, whereas the pituitary weight of overwintering females was 
similar to that of TP-treated females (Table 27). 
Oral angle gland weight 
The oral angle gland weight for normal and TP-treated males and fe­
males did not differ significantly, whereas the oral angle gland weight of 
castrated males decreased significantly (p < .016) (Table 27) from that of 
the other two groups. Castrated males and overwintering females differed 
significantly (p < .025) from normal and TP-treated males in oral angle 
gland weight (Table 19). The decrease in oral angle gland weights in 
castrates was, no doubt, due to the lack of hormonal stimulation. 
Harderian gland weights 
Mean Harderian gland weights of TP-treated and castrated males did 
not differ significantly from those of controls (Table 27). The greatest 
increase in Harderian gland weights occurred in TP-treated females. 
Harderian gland weights were not significantly affected by castration 
(Table 20). 
The females treated with TP tend to exhibit a male type of Harderian 
gland in hamsters (Clabough and Norvell, 1973). Payne et al. (1975) sug­
gested environmental factors such as light and temperature as possible 
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Table 19. Statistical comparisons made using analysis of variance test 
for endocrine and exocrine glands of control and testosterone 
propionate treated males and females, castrated males and over­
wintering females® 
Pituitary Oral Harderian Preputial Adrenal Thyroid 
N vs. TP .005^ _c .004 — -




Sex vs. N + TP - - — — .04 
(0 + OW) vs. 
(N + TP) .025 - .005 .0001 -
^Analysis of variance for differences in glandular weights before and 
after treatment can be found in Appendix H, Tables H54-H59. 
^Significance level. 
^Not significant at p < 0.05. 
Table 20. Statistical comparisons made using the analysis of variance of 
endocrine and exocrine glands of controls and testosterone 
propionate males and females and castrated males® 
Pituitary Oral Harderian Preputial Adrenal Thyroid 






.005 » M _ 
Sex - - - .0001 .020 
Sex vs. N + TP - - - - - -
0 vs. (N- TP) - .015 - — — -
^Analysis of variance for differences in glandular weights before and 
after treatment can be found in Appendix H, Tables H48-H53. 
^Significance level. 
^Not significant at p < 0.05. 
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Table 21. Analysis of variance for the weight of testes before and after 
testosterone propionate treatment (means for each group accom­
pany the ANOVA table) 
Source df Mean square F-value Prob>F 
Testes 1 223919 18.63 .0003 
Error (within groups) 22 12020 
Means: N = 946.5; TP = 517.8 
Table 22. Analysis of variance for the weight of ovaries of control. 
testosterone treated and overwintering females (means for each 
treatment group are presented) 
Source df Mean square F-value Prob>F 
Ova 2 39.2 3.87 .031 
Error (within groups) 33 10.1 
Means: N = 10.9; TP = 19.4; OW = 20.1 
Table 23. Analysis of variance for seminal vesicle weights of control, 
testosterone propionate treated and orchidectomized males 
(means for each group are presented) 
Source df Mean square F-value Prob>F 
Seminal vesicles 2 258760 100.55 .0001 
Error (within groups) 33 2573 
Means: N = 530.6; TP = 636.7; Orch = 34.1 
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Table 24. Analysis of variance for the weights of oral angle glands in 
control, castrated and TP treated males (means for each group 
accompany the ANOVA table) 
Source df Mean square F-value Prob>F 
Between group treatment 2 3744 3. 21 .05 
N vs. TP (1) 5.4 <1 NS 
N & TP vs. Orch (1) 7483.5 6. 42 .016 
Error (within groups) 33 1164.8 
Means: N = 104.0; TP = 103.1; Orch = 73.0 
Table 25. Analysis of variance for the weights of Harderian glands in 
control, castrated and TP-treated males (means for each group 
are presented) 
Source df Mean square F-value Prob>F 
Between group treatment 2 3917.4 1.68 NS 
N vs. TP (1) 7417.8 3.18 .084 
N & TP vs. Orch (1) 417.0 <1 NS 
Error (within groups) 33 
Means: N = 261.3; TP = 296.5; Orch = 271.6 
Table 26. Analysis of variance for weights of preputial glands in con­
trol, castrated and TP-treated males (means for each group are 
presented) 
Source df Mean square F-value Prob>F 
Between group treatment 2 21088.0 
N vs. TP (1) 2065.0 
N & TP vs. Orch (1) 40110.0 
Error (within groups) 33 7914.0 







Table 27. Mean (±SD) body weights (g) and organ weights (mg/100 g 
body wt) for each experimental group, males and females 
Gland weights 
Animal groups No. Body Preputial 








Overwi nteri ng 12 








®P < 0.005. 
0.005. 
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regulators of Harden"an secretion. These facts are supported by our re­
sults in that, in TP-treated and overwintering females, Harderian gland 
weights were higher than those of normals. 
Testicular weights 
The mean testis weight in TP-treated males was significantly lower 
(p < .0003) than in normal males (Table 21). 
Ovarian weights 
The mean ovarian weights of TP-treated and overwintering females were 
significantly higher (p < .031) than those in normal females (Table 22). 
Seminal vesicles 
ANOVA indicated that seminal vesicle weights of castrated males were 
significantly lower (p < .0001) than those of normal and TP-treated males 
(Table 27). TP-treated males had larger seminal vesicles than normal 
males. 
Histologic and Histochemical Investigations of the 
Preputial, Oral Angle and Harderian Glands 
Preputial gland histology 
Preputial glands are modified sebaceous glands. The histology of the 
preputial gland has been described in the rat (Montagna and Noback, 1946a; 
Beaver, 1960) and in the mouse (Brown and Williams, 1972). The histology 
of the vole preputial gland has apparently not been described, but since 
its histology is similar to that of the mouse, it will only be described 
briefly here. 
After hematoxylin and eosin staining and when investigated under the 
light microscope, the gland can be seen to be divided into lobules by 
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connective tissue. The peripheral acinar cells contain lipid droplets 
(Plate 4, Figure 31). Few ductal structures can be seen in 10 u thick 
sections of preputial glands from control animals. Slides of preputial 
glands from both male and female control animals were similar except that 
in males, cells have active secretion and extensive ductal formation, 
whereas in female glands the acini were relatively inactive and ducts 
underdeveloped. 
With testosterone propionate treatment, 10 yg/.OS ml, duct systems 
were particularly prominent, more numerous than in controls and dilated 
because they were filled with secretion (Figure 32). Parenchymal cells 
were hypertrophied and hyperplastic. Actively proliferating cells were 
devoid of both lipid and perinuclear granules. The size of some acini 
remained unchanged although many others coalesced to form enlarged acini. 
Preputial gland cells of overwintering females showed the same char­
acteristic cellular changes as TP-treated animals (Figure 33). 
After castration, preputial glands of male voles had smaller acini 
and decreased sebum formation. Tissues became fibrous, and developed 
cavernous spaces filled with secretions (Figure 34). Glands reverted to 
a nonstimulated, inactive appearance. No degenerative structural changes 
were seen. These results are in agreement with findings in the castrated 
rat (Montagna and Noback, 1946a; Beaver, 1960). 
The present findings which are in agreement with those of Burdick and 
Gamon (1941) and Thody and Shuster (1971) suggest that preputial glands 
are controlled by hormones—TP being effective in increasing preputial 
gland activity. 
Plate 4. Preputial Gland 
Figure 31. Preputial gland showing acini of adult male vole. 
Hematoxylin-eosin. X350 
Figure 32. Preputial gland of adult male vole treated with TP. 
acini (arrow). Stain: hematoxylin-eosin. X175 
Fused 
Figure 33. Preputial gland, overwintered female. Degenerating acini 
(arrow). Stain: Harris hematoxylin-eosin. X175 
Figure 34. Preputial gland of castrated male. Immature acini. Large 
vacuoles (V). Perinuclear granule (arrow). Stain: 
Harris hematoxylin-eosin. X70 
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Histochemistry of preputial glands 
Periodic acid-Schiffs reagent stains polysaccharides, mucopolysac­
charides, glycoproteins and glycolipids. • The reagent was positive for 
developing and degenerating acini. Perinuclear granules stained posi­
tively. 
Harris' hemotoxylin and eosin was used as the first stain to deter­
mine cellular structures. All cells stained positively with hematoxylin 
and eosin. The tissue structure has been described in the histology 
section on preputial glands. 
Alcian blue stain is used as an indicator of acid mucopolysac­
charides. The connective tissues and mast cell granules stained posi­
tively, blue, with Alcian blue. The acini and the secretion remained 
pink. 
Mercuric bromphenol blue staining method is specific for proteins. 
Sections of preputial glands which stained slightly blue with this reac­
tion were the perinuclear granules and membranes. 
The methyl green-pyronin Y method demonstrates the presence of 
nucleic acids. RNA within the cytoplasm and nucleoli stained pinkish-red 
in the acinar cells of preputial glands. The reaction was negative for 
degenerating acini and for secretion within ducts. 
The oil blue N staining method is believed to be specific for neutral 
fats. The lipid content of the gland was stained, but there was no indi­
cation of specific staining of the perinuclear granules. The degenerating 




The Harderian gland in the vole is a compound tubuloalveolar gland. 
The gland is located posterior to the eyeball. Its apocrine secretion is 
primarily lipid. The vole's Harderian gland is horseshoe-shaped, pale-
yellow in coloration, and weighs approximately 65.0 mg. The gland is 
about 1.3 cm long and 0.47 cm wide. Male and female voles have similar 
glands with approximately the same size. 
The histology of the Harderian gland has been described by Grafflin 
(1942) in the rat. Cohn (1955) described the histology of the mouse 
Harderian gland in the following way. The gland has two main lobes which 
are subdivided into lobules by connective tissue. Basement membranes are 
formed by connective tissue encircling the alveoli. Alveolar epithelium 
consists of a single layer of pyramidal cells, their cytoplasm is vacuo­
lated after staining with hematoxylin, and spherical nuclei containing two 
or three nucleoli are found in the basal portion of the cell. The histo­
logic and histochemical characteristics of the vole Harderian glands were 
similar to those of the mouse. The amount of pigment in vole Harderian 
glands ranged from a few granules to clumps which nearly filled the lumen. 
Scattered nuclei (Plate 5, Figure 36) and acinar cells were sloughed into 
the lumina indicating holocrine secretion. With TP-injections several 
histologic differences were observed in both male and female Harderian 
glands: (1) cellular debris was frequently present in the alveolar lumen 
(Figure 35), (2) acrinar cell secretions were accumulating to the lumina, 
and (3) few porphyrin granules were visible in acinar cells. 
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Castration affected male Harderian glands by causing elevated 
porphyrin levels (Figure 35), increased amount of pyknotic nuclei in 
acinar cells and fewer vacuolated cells. These findings were in agreement 
with those of Payne et al. (1975) who found a decrease in large vacuolated 
cells and elevated porphyrin levels in the castrated golden hamster. 
Hoffman (1971) postulated that more time than three weeks was needed for 
cell structural changes to occur. Voles were sacrificed after three weeks 
of castration and the Harderian glands were collected. 
The Harderian gland of overwintered females possessed similar cellu­
lar changes to those of testosterone propionate-treated males and females 
(Figure 37). 
Histochemistry of the Harderian gland 
Periodic acid-Schiff's reagent is specific for carbohydrates. The 
reagent positively stained material found in the alveolar lumina. Fast-
green FCF was used as a counterstain. Mast cells which stained rose color 
were shown scattered in the interstices between alveoli, whereas basement 
membranes stained green. Porphyrin granules stained green, while debris 
in the alveolar lumina stained pink. 
Harris hematoxylin and eosin were used to help elucidate the struc­
ture of Harderian tissues. These structures stained positively and were 
discussed in the histology section on Harderian glands. 
The Alcian blue method demonstrates the presence of mucopolysac­
charides. The alveolar cells stained light blue. Porphyrin granules 
stained red to bluish red with Alcian blue. 
Plate 5. Harderian Gland 
Figure 35. Harderian gland of castrated adult male vole. Porphyrin 
granules (arrow). Cellular debris in alveoli (CD). Stain: 
Harris hematoxylin-eosin. X350 
Figure 36. Harderian gland of normal male. Note the long duct with 
scattered nuclei. Stain: Harris hematoxylin-eosin. XI75 
Figure 37. Harderian gland of overwintered female. Nucleus (arrow). 
Stain: PAS. X350 
Figure 38. Harderian gland of TP-treated female. Arrow in lumen of 




The mercuric bromphenol blue method is specific for proteins. A 
negative reaction was seen in alveoli while porphyrin granules were moder­
ately positive. 
The methyl green-pyronin Y method demonstrates the presence of 
nucleic acids. RNA within the cytoplasm and nucleoli stained positively. 
Porphyrin granules stained pink. 
Neutral fats are stained with oil blue N. The lipid content of the 
alveoli stained positively. Porphyrin granules were not stained. Al­
veolar secretions were stained blue. 
Oral angle gland 
The oral angle gland is a coiled, tubular gland of the apocrine, 
sudoriferous type (Plate 6). It is localized in the angulus oris or 
junction of the upper and lower lips of M. ochroqaster. The ducts of 
these glands open into the necks of hair follicles (Figure 41) at or near 
the angulus. The coiled secretory portion extends posteriorly and deeply 
into the connective tissue and skeletal muscle of the cheek (Figure 39). 
Quay (1952) first described the oral angle gland in M. californicus and 
M. mexicanus. Quay (1962) found two or three glands on each side of the 
mouth in microtines. The vole, M. ochrogaster, has several glands on each 
side of the mouth localized in the same area. 
The histology of the oral angle glands of control animals, M. cali­
fornicus and M. mexicanus, were described by Quay (1962). The oral angle 
gland of M. ochroqaster has similar characteristics. The secretory por­
tion of the gland is lined with cuboidal or columnar cells. The luminal 
border of these cells has cytoplasm which separates from the cell body. 
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indicative of apocrine secretion. Granular material is seen within the 
lumen of secretory tubules. Secretory cells appeared to be enlarged with 
TP treatment in adult voles (Figure 40), whereas with castration glandular 
secretion was depressed. One of the most vividly staining glands (Figure 
42) was seen in castrates. However, some secretory cells seemed smaller 
in castrates. Since the oral gland weight diminished significantly with 
castration, it appears that the oral angle gland was stimulated by andro­
gens. 
The histochemistry of oral angle glands 
Periodic acid-Schiff's reagent is specific for carbohydrates. PAS-
fast green FCF was used to indicate glycogen within the sudoriferous 
glands. The secretory cells were stained light green. 
Harris hematoxylin and eosin were used to determine the structure of 
oral angle glands. Hair follicles stained dark purple and connective 
tissue nuclei stained dark purple, whereas the striated muscle fibers 
stained pink. The secretory cells stained a pinkish purple and the epi­
thelium of skin was purple in sections where it was seen. Other tissue 
structures are discussed in the histology section on oral angle glands. 
Alcian blue is useful as an indicator of acid mucopolysaccharides. 
Connective tissues and fat cells were stained pink. Basement membranes 
and nuclei stained blue. There was a positive reaction to this staining 
method by secretory cells. 
The mercuric bromphenol blue method is useful in determining pro­
teins. However, secretory cells stained only faintly blue around their 
membranes. Hair and connective tissues stained intensely. 
Plate 6. Oral Angle Gland 
Figure 39. Oral angle gland of normal maie voles. Sudoriferous gland 
(S) located between muscle tissue (M). Notice associated 
hair follicles (H). Stain: Harris hematoxylin-eosin. X70 
Figure 40. Oral angle gland of TP-treated female. Sudoriferous secre­
tory cells (arrow). Stain: Harris hematoxylin-eosin. 
XI75 
Figure 41. Oral angle gland of TP-treated female. Duct system leading 
from sebaceous gland to epidermis (arrow). Stain: Harris 
hematoxylin-eosin. XI75 
Figure 42. Oral angle gland of castrated male sudoriferous gland 
(arrow). Stain: Harris hematoxylin-eosin. X70 
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Nucleic acids are revealed by a positive reaction to methyl green-
pyronin Y. RNA within the cytoplasm and nucleoli stained positively. 
Hair follicles and connective tissue stained faint pink. 
Lipids are stained positively by oil blue N. No positive reaction 
was seen in the secretory portion of the gland. Hair follicles and con­
nective tissues were negative. 
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DISCUSSION 
M. ochrogaster is found throughout the mid-continent grasslands from 
Ohio to Colorado and from the provinces of Canada, south to Oklahoma (Gier 
and Cookery, 1967). Hall and Kelson (1959) stated that M. ochrogaster 
occupied the tall grass prairie region from central Kansas eastward. The 
prairie voles live in upland herbaceous fields, grasslands, fallow fields, 
along fence rows and in fields of alfalfa, bluegrass and clover (Schwartz 
and Schwartz, 1959). Voles live in runways both on top of the ground and 
under the ground. Holes two inches in diameter lead from surface runways 
to underground tunnels. Prairie voles live together and the tunnels are 
shared by the entire community. Tolerance is shown and little, if any, 
antagonism displayed. This fact might indicate that they live amicably in 
the same nest chamber. The home ranges of vole communities overlap, but 
each is restricted to one-fifteenth of an acre. However, males, who 
wander more than females, may cover half an acre or more. 
Their diet consists mostly of stems, leaves, roots, tubers, flowers, 
seeds and fruits of grasses and many succulent plants. Sometimes, in­
sects, mice and snails are eaten by prairie voles. 
Richmond and Conway (1969) reported that M. ochrogaster is an induced 
ovulator with coitus providing the stimulus for ovulation. Female voles 
do not show estrous cycles or spontaneous ovulation under laboratory con­
ditions. Gier and Cookery (1967) stated that the main breeding seasons 
are in the spring and fall, but they may breed under laboratory conditions 
throughout the year. 
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These voles are active both day and night and appear to live on a 
four-hour schedule, eating the first four hours then sleeping for the 
latter four (Schwartz and Schwartz, 1959). Schillito (1963) studied the 
exploratory behavior of voles and pointed out the importance of movement 
(running, walking, nosing, and touching) in the vole's ability to identify 
the topography of its home territory. Smell and stimulation of the 
vibrissae are considered to be especially important in exploration. Spa-
cial cues are picked up by sight, whereas, the sense of hearing is used to 
identify specific sounds. 
Since voles spend a great portion of their time either beneath the 
surface of the ground or within grass or thickets on the surface, the 
underground tunnels and denseness of the habitat preclude the use of 
visual or acoustic communication. Although visual and acoustic signals 
are used for close range communication of behavioral patterns such as are 
seen in courtship and mating, they are less effective in this type of 
environment for the communication of dominance status, sexual condition or 
range ownership (Stoddart, 1974). Thus, natural selection has favored the 
development of scent-producing organs for animals which live in habitats 
which tend to preclude the use of visual and acoustic signals (Stoddart, 
1974). 
In the vole several scent-producing organs have evolved, specifically 
the preputial, Harderian, and oral angle glands. The production of ol­
factory cues in the vole is maximized by the presence of these multiple 
gland sources. Therefore, a number of discrete messages may be trans­
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mitted pheromonally such as sexual status, dominance, individual or group 
identification. 
This study was designed to investigate the influence of gonadal hor­
mones and pheromones on the behavior of voles. In the first section be­
havioral modifications associated with TP-treatment, castration, over­
wintering conditions and preputial and oral-angle-gland removal are dis­
cussed. Next, is a discussion of the changes in endocrine and exocrine 
glands due to castration, TP-injection and overwintering conditions. In 
the third section, the histology and histochemistry of exocrine glands, 
the preputial, Harderian and oral angle glands are discussed with implica­
tions for glandular functions. Finally, there is a discussion of the 
correlations of hormone treatment, overwintering conditions and glandular 
structure and function with behavioral patterns. 
The aim of these experiments was to compare systematically the be­
havior of pairs of male and female voles in the isolation-induced fighting 
situation. The effects of gonadal hormones and pheromones on isolation-
induced aggression were also studied. Females as well as males exhibit 
isolation-induced aggression, although laboratory studies of aggression in 
mice (Scott, 1966) and rats (Seward, 1945b) indicated that males of most 
rodent species are generally more aggressive than females. Our results 
support this; male voles are more aggressive than female voles. Analysis 
of variance indicated that testosterone propionate administration to intact 
female voles produced a significant increase in isolation-induced fight­
ing. These results were not in agreement with previous reports that 
neither ovariectomy nor TP administration (Tollman and King, 1956) affect 
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isolation-induced aggression in female mice. Therefore, it appears that 
sex differences in fighting are due to differences in androgen levels in 
adulthood. 
In order to further explore sex differences in the effect of gonadal 
hormones on aggressive behavior, the next experiment studied the effects 
of castration, TP-injection and overwintering on adult voles. The experi­
ment was divided into three phases. In the first phase, the behavior of 
each of 6 pairs of voles in the normal control group was studied. The 
animals in the second and third phases were castrated or assigned to a TP-
treatment group. The results of this experiment, shown in Table 3, indi­
cated that fighting was enhanced by TP-injection and depressed by castra­
tion. Over successive trials, voles were relatively aggressive during the 
first trial of encounters, increased in aggression during later en­
counters, and finally showed decreased aggression after numerous encount­
ers (Figure 24). These results were in agreement with the findings of 
Hutchinson and Renfrew (1966) that fighting frequency in both intact and 
adult castrated male mice gradually increases during the first set of 
trials. Hutchinson and Renfrew (1966) also observed a tendency toward a 
decline in fighting frequency in castrated males after several trials, 
while the intact males gradually increased in fighting frequency. A 
gradual decline in fighting frequency of isolated, castrated males was 
also observed by Scott and Fredericson (1951) and Scott (1966). 
Within three weeks after castration the fighting frequency of iso­
lated adult voles decreased. Sigg (1969) and Beeman (1947) found that 
castration in adult male mice completely suppressed the development of 
fighting behavior. 
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A summary of the aggression variables and their intensities due to 
treatments are as follows. Total aggression and frequency of attack in 
normal voles was greater than that of TP-treated males. However, TP-
treated males threatened more than normal males (Figure 19). Aggressive 
groom was lower in TP males than in normal males. Preputialectomy reduced 
the capacity of males and females to threaten, to attack or to perform 
aggressive grooming. In fact, preputialectomy almost completely eliminat­
ed aggressive grooming in males. Aggressive groom and attack occur when 
both animals make bodily contact, whereas threatening does not require 
this contact. Thus, olfactory cues may have been degraded by preputial-
ectomy and threats became more prominent because voles could not recognize 
the odor of the opponent. Overwintering females showed malelike aggres­
sive behavior, possibly because of increased adrenal gland output of 
androgens, along with its increased glucocorticoid output. 
Normal and TP males, and TP and overwintering females had low latency 
scores before the first encounter, while preputialectomized males had the 
highest score (Table 18). TP females and normal males were first to ini­
tiate an aggressive attack followed by TP males and overwintering females 
in that order; whereas preputialectomized males were last to initiate an 
aggressive encounter. Although the frequency of aggression was higher in 
control animals, TP-treated males fought longer. TP females had the 
highest aggression scores, although normal males fought more frequently. 
Females with their oral angle gland removed had the lowest aggressive 
score. The intensity of attacks over unit time did not differ between 
normal and TP-treated animals. Although castrates fought, their aggres­
sive intensity over time was much lower than TP-injected and normal 
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animals. However, overwintering females fought more intensely than TP-
injected and normals; preputialectomized adults and animals with the oral 
angle gland removed fought less frequently than any other group, but had 
the highest intensity of fighting over time. The intensity of the aggres­
sive movements of normal and TP-treated females were similar, whereas, in 
normal and overwintering females the intensity of fighting elements were 
more like the TP-treated males. 
Preputialectomized adults and castrated males had very low scores per 
frequency of aggressive encounter. Although females with the oral angle 
gland removed had the highest intensity of attack over time, their score 
per unit frequency of aggressive encounters was less than any group. 
Our summarized results reveal that isolation-induced aggression in 
male and female voles is influenced by both hormonal and pheromonal fac­
tors. Although normal males had the highest percentage of aggressive 
acts, aggression was more intense in TP-treated animals. TP-treatment 
caused the adult voles to become more vicious than normals. These results 
reflect the hyperactivity induced by isolation and the lowering of the 
threshold for aggressive stimulation by TP. In contrast, the threshold 
for aggressive stimulation was raised by the loss of circulating androgens 
after castration, resulting in less aggression by voles. 
Preputialectomized animals were observed to be reluctant to initiate 
an aggressive encounter. When they did attack, the attacks were brief and 
vicious. The oral angle gland removal from females resulted in decreased 
frequency of aggression, but aggressive encounters were abrupt and fierce. 
Due to the lipid nature of the glandular secretions, it is possible that 
the preputial glands function in long range identification of individuals 
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and group members, whereas the oral angle glands function in short range 
recognition of conspecifics. Clearly, pheromonal cues are required for 
normal behavioral patterns and their effect is facilitated by the action 
of androgens. 
Differences in flight activity in different experimental groups were 
determined by four factors: (1) the amount of aggressive activity dis­
played by the opponent which resulted in avoidance behavior by the sub­
missive vole; (2) the actual avoidance of the opponent upon the approach 
of the adversary; (3) the total amount of interaction between voles during 
an encounter; and (4) the intensity of aggressive encounters. 
Castrated males were less aggressive than normal or TP males, but 
their flight activity was high (Table 3), This could perhaps be explained 
by the fact that castrated males exhibited more avoidance behavior. Upon 
the approach of the adversary, the castrated male would flee rather than 
fight, probably due to the reduction in testosterone levels. 
TP-treated and castrated males showed a greater percentage of flight 
activity than normal and preputialectomized males (Figure 20). This could 
have been due to the type of aggression displayed by the opponent, e.g., 
TP-treated and castrated males threatened more than preputialectomized and 
normal males who displayed their aggression through attacks and aggressive 
groom. Following threats from Its adversary, the opponent retreated more 
often than it retaliated. Threats were more frequent than aggressive 
groom and attack, thus there was a higher frequency of flight activity. 
Females and males differed in frequency of threatening; females threatened 
more, thus there was more flight activity in females than in males. 
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Flight frequency of TP-injected females was higher than that of nor­
mals, and the flight frequency of normal females was greater than that of 
overwintering females. Overwintering females displayed aggression in the 
form of attacks, whereas, TP-treated and normal females had high flight 
frequencies associated with increased threats. Preputialectomized males 
and females and oral angle gland removed females retreated less than other 
groups, but the total amount of aggressive activity was less. These same 
groups fought more intensely than the other groups. No doubt olfactory 
cues were removed from preputialectomized and oral angle gland removed 
voles and this resulted in a decrease of approach by opponents. Perhaps 
the lack of pheromonal-cues caused animals to react viciously when ap­
proached by the adversary because of their inability to recognize the sex 
of the adversary. 
An animal which has lost a fight usually flees from the adversary's 
vicinity. Eisenberg (1962) states that this might result in increased 
chasing by the winner in maniculatus. Chasing was prominent in castrated 
voles. This increase in flight activity was reflected in successive 
trials where castrated voles increased their flight activity after the 
seventh trial, whereas flight activity was relatively reduced in the other 
groups. 
The male-male and female-female mating behavior in volves was similar 
to that described in the rat. Grant (1963) described mating in rats as 
follows, "the rat assumes the full mounting pattern, moving round to the 
back of the other animal and palpating with them, executing pelvic thrusts 
and finally, throwing itself on its haunches and grooming its genitalia." 
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These patterns of sexual behavior were shown apart from intromission, and 
the speed and performance was no higher than that seen in normal sexual 
behavior. However, in male-female situations, the sequence of sniff-
fol low-attempt-mount occurs at a higher frequency than in female-female 
and male-male situations. 
In normal M. ochrogaster the basic pattern of sexual behavior con­
sists of no lock, intra-vaginal thrusting, multiple intromissions, and 
multiple ejaculations (Gray and Dewsburg, 1973). In male-male and female-
female situations, voles thrusted, but no ejaculatory evidence was seen. 
TP-treated females, TP-treated males and normal males showed the greatest 
amount of mating of all treatment groups. Normal females mated very 
little, thus the increased mating behavior of TP-treated females indicated 
that mating activities were stimulated by the presence of the male hor­
mone. The mating patterns of TP-injected females were shown overtly as 
male sexual behavior, i.e., attempted mounts. It is interesting to note 
that overwintering females exhibited all of the changes in the behavioral 
elements characteristic of the TP-treated females with the exception of 
the mating element. In this case, overwintering females did not show any 
increase in mounting or thrusting behavior such as was seen when TP was 
given. Females treated with TP and oral-angle-gland-removed females in­
creased mating over successive trials, while in other groups mating epi­
sodes were low and relatively unchanged over successive trials. Oral 
angle glands may possibly function in sexual or individual recognition. 
Thus, their removal resulted in increased attempts at mating due to the 
inability to differentiate the sexes. 
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In nonaggressive situations, voles often stopped to groom their fur. 
Grooming was done with the mouth, forepaws and hindpaws. The forepaws 
were moved rapidly over the mouth and moistened, then the snout was 
brushed. Grooming was sometimes continued down the side to the ano-
genital region. During the period of behavioral observations, control and 
experimental groups groomed their facial areas more frequently than their 
genitalia. This grooming was mostly abbreviated grooming, that is, groom­
ing of the nose and head. These findings are in agreement with those of 
Clarke (1956a) who noticed that voles groomed the entire body in non-
aggressive situations, whereas in aggressive situations, the grooming was 
mostly restricted to the head region. Grooming which is generally con­
fined to licking the hands and brushing the nose was seen by Clarke 
(1956a) in subordinate voles, which retaliated against the persistent 
attack of a dominant vole, and by dominant voles following the retaliation 
of a subordinate, or both voles while approaching each other. 
Genital grooming was greatly reduced in preputialectomized and orchi-
dectomized males. This was, no doubt, related to the minimal amount of 
preputial secretion available. However, males treated with testosterone 
propionate also showed decreased genital grooming even though their pre­
putial glands did not appear to be different from those of normal control 
males both in weight and histological structure. 
During successive trials, displacement grooming fluctuated in all 
groups tested, but the preputialectomized adults and females with the oral 
angle gland removed were the only groups to show a decrease in grooming 
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during the first set of trials, and then increased grooming during the 
latter trials. 
Comparison of individual groups by student's t-tests indicates that 
normal and preputialectomized males explored more than TP-injected and 
castrated males (Table 5a). However, overwintering and preputialectomized 
females explored more than normal and TP-injected females. These findings 
were consistent with those found during successive trials. Delay in ex­
ploration increased over successive trials. Exploration was reduced in 
normal males and normal and overwintering females where aggression was 
high. This could perhaps be explained by the fact that more time was 
spent in aggressive encounters rather than in exploration. 
After an animal has been placed in the cage, it either sits in a 
corner or it explores the environment by digging woodshavings or by 
climbing and licking the cage walls. The opponent may be investigated by 
the animal making distance ambivalent approaches around it. 
Clarke (1956a) states that under conflict situations voles may ex­
plore the cage when there is a simultaneous activation of the aggression 
flight drives. 
When digging was done by an aggressive vole, it was performed as a 
displacement activity. Since other autochthonous use of digging was 
ruled out, Clarke (1956a) suggested that digging may be related to food-
getting, defecation and urination, and tunnel-making. It is highly un­
likely that a vole would seek food, defecate, or urinate so often after an 
aggressive encounter. Besides, none of these voles were seen defecating 
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or urinating immediately after an aggressive encounter and no food was 
present in the cage. 
Clarke (1956a) stated that normal voles living in a peaceful environ­
ment dig less frequently and with less vigor than voles in aggressive 
situations. Displacement digging was also observed between fights of 
Persian deer mice (Eibl-Eibesfeldt, 1961). 
Ambivalent behavior, that is, the jerky walk of an aggressive vole 
before an attack, or in between attacks, was caused by simultaneous acti­
vation of the flight and aggressive drives (Clarke, 1956a). The adversary 
may approach a resting opponent, yet not attack instantly. Instead, the 
vole may walk around the opponent in a figure eight pattern or circle it, 
pause, and then attack. These types of actions show conflict between 
approach and avoidance (Clarke, 1956a). This conflict is resolved during 
the ambivalent movements. 
Investigative behavior consists of nose-nose and grooming behaviors. 
Voles may approach each other with either a face-face (faces meet with no 
contact) or nose-nose (the noses touch or vibrassae of one vole are in 
contact with another) movements. In the nose-to-nose position the mouths 
are together and the incisors are in juxtaposition. The amount of nose-
nose and face-face contact is correlated with the amount of nonaggressive 
versus aggressive interactions between voles. Face-face interactions were 
high in animals in which threatening was high (Table 6). Preputialecto-
mized and overwintering females performed the greatest amount of nosing. 
The amount of threatening was greatest in the overwintering females. Al­
though TP-treated females threatened a lot, they did not perform a lot of 
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nose-nose interactions. The approach of voles may result in social con­
tact or an aggressive encounter; the determiner of the resulting behavior 
from an initiated approach is the reaction of the vole approached and/or 
the manner in which one vole approaches another. 
In grooming behavior the vole may investigate behind the head, the 
rump, back, or side of another animal. Grooming is conducted by placing 
the forepaws on the other animal while licking or nosing the animal's fur. 
Females and males groomed the ano-genital region more frequently than the 
back of the head (Table 6). Normal males and overwintered females groomed 
the ano-genital region more frequently than all other male or female 
groups. But preputialectomized males groomed the ano-genital region with 
less frequency than preputialectomized females, 
Wilson (1973) studied the social behavior of the short tail vole, M. 
aqrestis, in relation to scent secretions from the skin. From her studies 
Wilson (1973) hypothesized that the secretions from the rump region func­
tioned in individual identity and the secretions from the nose-mouth re­
gion functioned in sex recognition. Wilson (1973) based her hypothesis on 
the fact that when individuals of the same sex investigate each other the 
nose-mouth region was nosed least, and the rump region was nosed most. 
Our findings are in agreement with that of Wilson (1973). Males were 
found grooming the genital region of their opponent more often than fe­
males with the exception of preputialectomized males in which the grooming 
frequency was reversed. This could perhaps be explained by the fact that 
after preputialectomy, the identity of the male is more difficult to de­
tect, thus the opponent does not spend as much time investigating the 
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stranger but seeks other cues in the environment. Also, the preputial 
gland of the male is thought to be more active, due to androgen stimula­
tion, than that of the female. Thus, the loss of information from a pre­
putial ectomi zed female would probably be less than that of a similarly 
treated male. 
The effects of hormones and pheromones on behavioral interactions 
were studied by manipulating the endocrine system and observing the re­
sulting changes in behavior and the changes in the pheromone-secreting 
glands. Concurrent changes in endocrine and exocrine gland weights with 
behavioral changes indicated vole behavior was in fact influenced by 
gonandal hormones and pheromones. The pituitary-gonadal axis and pitui­
tary-adrenal axis were instrumental in the behavioral modifications. 
Testosterone propionate administration and overwintering caused in­
creased aggression in female voles, but did not change pituitary gland 
weights (Table 27). Castrated males had larger pituitaries than normal 
males. The increase in pituitary weight with castration is explained by 
the fact that androgen stimulation by the testes was removed, thus the 
pituitary synthesized additional gonadotroph!ns to compensate. Seminal 
vesicles decreased in weight with castration also, but their weight in­
creased with TP treatment. Since seminal vesicles are very sensitive to 
TP levels, their weights were used to determine the effectiveness of the 
TP dose used. Pituitary gland weights should have decreased with TP in­
jection, but instead the weights increased. This increase in pituitary 
gland weight is difficult to explain since at the same time TP-administra­
tion caused a decrease in testicular and ovarian weights. The trophic 
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hormones of the adenohypophysis regulate the functional state of gonads 
and target tissues (Turner, 1955). The functional capacity of the pitui­
tary is influenced by hormones elaborated by the gonads. A reciprocal 
interaction exists between the gonads and the anterior pituitary; the 
gonadal hypersecretion results in structural and functional changes in the 
anterior hypophysis (Turner, 1955). Turner (1955) states that "after 
castration of either sex the gonadal stimulating potency of the anterior 
pituitary is increased and abnormally large amounts of certain gonado-
trophins are excreted in the urine." Thus, our results of increased 
pituitary weight with TP injection is contrary to the general rule. Pos­
sible explanations are: Gonadotrophin synthesis was depressed but the 
pituitary stored existing gonadotrophins rather than releasing them; the 
TP dosage was above physiological levels but not high enough to prevent 
gonadotrophin synthesis; or other anterior pituitary hormones were being 
synthesized at a higher rate than usual. Further studies, such as histo­
logical observation of vole pituitary glands are needed to determine why 
the gland increased in weight with TP. 
Females living in winter conditions had larger adrenal glands than 
females housed under standard laboratory conditions. Housing conditions 
with cold temperatures (4°C) and reduced lighting resulted in environ­
mental stress on the vole, which activated the pituitary-adrenal system. 
Hormones from the adrenal cortex function in assisting the animal in its 
resistance and survival under hazardous environmental conditions (Turner, 
1955). Normal animals exposed to extreme environmental conditions secrete 
more ACTH which stimulates the release of adrenocortical hormones, which 
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improve the animal's resistance to unfavorable environmental conditions 
(Turner, 1955). 
Changes in the weight and histology of preputial, Harderian and oral 
angle glands with endocrine manipulations indicated that these glands are 
stimulated by hormones. Ebling et al. (1969) demonstrated that sebaceous 
glands were enlarged with androgen treatment; the rat's glands increased 
in size due to cellular proliferation and a slight increase in cell size. 
Strauss and Ebling (1970) studied the sebaceous glands of humans and found 
that they were controlled by androgenic hormones secreted by the testes, 
adrenal glands and possibly the ovaries. 
Preputial Glands 
Preputial glands are modified sebaceous glands. Their histology is 
similar to that of the mouse described by Brown and Williams (1972). The 
leaf-like gland is divided into lobules by connective tissues. The acinar 
cells secrete lipid droplets. The lipid secretions were demonstrated by 
oil blue N staining. Perinuclear granules stained by mercuric bromphenol 
blue were present between acini and within acini. The hormonal control of 
preputial glands was demonstrated by the increased sebum formation, indi­
cated by prominent dilated duct systems filled with secretion, after the 
administration of TP. Thody and Shuster (1971) found that TP-treatment 
increased sebum secretion in the rat. 
Castration of adult male voles had the opposite effect on preputial 
glands. After castration preputial gland acini were smaller, the gland 
appeared fibrous, and developed cavernous spaces filled with sebum. 
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Montagna and Noback (1946a) and Beaver (1960) found similar changes in the 
rat preputial glands following castration. 
The present findings regarding the response of preputial glands to 
testosterone propionate are compatible with the fact that these glands 
provide an aggression-eliciting cue (Mugford and Nowell, 1971b; McKinney 
and Christian, 1970; Lloyd, 1971) in testosterone propionate-injected 
females and in normal males, since the preputial weight and aggression 
show parallel increases after treatment with TP. Strauss and Ebling 
(1970) have shown that preputial glands are extremely sensitive to the 
action of androgens. The mechanism by which TP exerts its effect on the 
aggression-promoting pheromone remains to be elucidated. 
Preputialectomized females which are given testosterone propionate 
are attacked less than intact females (Mugford and Nowell, 1972). The 
preputial glands of normal females have been shown to produce cues which 
inhibit aggression (Mugford and Nowell, 1971b). Mugford and Nowell 
(1971a,b) and Bronson and Caroom (1971) have suggested that the preputial 
glands function by producing an "aggression-promoting" pheromone in males 
and an "aggression-inhibiting" pheromone in females. 
Harderian Gland 
The Harden an gland in the vole is a compound tubuloalveolar gland 
localized in the posterior aspect of the eyeball. Its secretory products 
are lipid in nature as determined by oil blue N staining. The gland also 
contains porphyrin granules which were stained with mercuric bromphenol 
blue, methyl green-pyronin Y and fast green FCF. 
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Factors which directly regulate the function of the Harderian gland 
have not been determined. However, some investigators have indicated that 
gonadal hormones and environmental factors are possible controlling mecha­
nisms in the golden hamster (Payne et al., 1975) and in the Mongolian 
gerbil (Thiessen and Yahr, 1977). My studies in the vole showed that TP-
injections stimulated sebum secretion, while castration produced increased 
porphyrin granule formation and fewer large vacuolar cells. 
Ebling et al. (1975a) stated that the Harderian gland of hypo-
physectomized-castrated rats were much smaller than castrated litter-
mates. Based on these findings Ebling et al. (1975a) suggested that 
pituitary hormones have a direct effect on Harderian glands of the rat. 
Castration did not affect the mean Harderian gland weight of the vole. 
In contrast, the Harderian gland weights of normal females were signifi­
cantly increased with TP injection. 
The Harderian gland of the Mongolian gerbil has been reported to 
secrete a pheromone which is functional in social behavior (Thiessen and 
Yahr, 1977). Previously postulated functions of the gland were that it 
acted in immunological and bacterial defense, that it cushioned the eye­
ball, and that it acted as an extraretinal receptor in neonatal rodents 
(see Thiessen and Yahr, 1977). 
Oral Angle Gland 
The oral angle gland is a coiled tubular gland of the apocrine, 
sudoriferous type, localized in the angulus oris of microtine rodents. 
Its secretory ducts open into hair follicles while the gland itself is 
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embedded in muscle. Quay (1963) described the gland as having a high 
glycogen content. Staining with PAS-fast green FCF failed to show the 
glycogen content in the vole's gland. However, Alcian blue stained the 
acid mucopolysaccharides in the gland. 
The oral angle gland of voles represents an apocrine sweat gland 
which is under hormonal control, as substantiated by a reduction in gland 
size with castration. TP injection stimulated sebum secretion in the oral 
angle gland of male and female voles. My studies have shown that explora­
tion of the cage decreased with oral angle gland removal (Table 6, Figure 
21). A possible function of this gland is territorial marking or indi­
vidual identification. 
Voles were often seen picking up woodshavings and placing them in the 
mouth before dropping them. Also, between encounters or immediately 
after being placed into the cage the vole was seen climbing the cage 
wall, licking the walls and digging sawdust back with its paws from cage 
corners, then proceeding to nibble at the corners of the cage, possibly 
spreading oral angle gland secretions. Voles are known to dig tunnels and 
line these tunnels with twigs. Twigs are broken off or bitten with the 
mouth, and here secretions could easily be transferred to the twigs so 
that when placed in the tunnel they would denote a specific vole's odor. 
Mykytowycz (1968) found a correlation of apocrine gland size with 
territorial properties. He found that when the rabbit chins himself, the 
product of the submandibular glands was deposited on the touched object. 
He also found that chinning was much more common in males than in females. 
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but was increased in females by teststerone administration. Mykytowycz 
(1968) showed that the submandibular glands were used for territorial 
marking. 
The function of these various vole pheromones has been inferred from 
observations of their behavioral effects, by systematic manipulation of 
endocrine glands upon which the production or release of the pheromones 
depend, and by ablation of pheromone-producing glands. Much more work is 
required to elucidate the specific functions of these pheromones. Isola­
tion of the pheromone from the gland is necessary. Preliminary studies of 
extracts from the Harden an, preputial and oral angle glands in the vole 
were carried out but no definite conclusions can be drawn from these re­
sults as yet. 
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SUMMARY 
This study was designed to investigate the social behavior of the 
prairie vole, M. ochrogaster, in response to hormonal and pheromonal pro­
duction. The investigation was concerned with the following: the loca­
tion, structure and secretory activity of the exocrine glands producing 
the pheromones; the role of certain pheromones and hormones in regulating 
social behavior; and the correlation of behavioral acts with the func­
tional state of certain exocrine and endocrine glands under laboratory and 
overwintering conditions. In determining the hormonal and pheromonal in­
fluence on the social behavior of the vole, attention was focused on 
interactions between males and between females. Two animals were placed 
in an arena, their behavior observed for 10 minutes and recorded on tape. 
Groups observed were: normal-control males and females, TP-injected 
(10 yg/.05 ml) males and females, preputialectomized males and females, 
castrated males and overwintered females and females with their oral angle 
gland removed. The behavioral patterns were observed after 3 weeks of 
isolation and two weeks after gland ablations. Preputial, Harderian, 
oral angle and pituitary glands, ovaries, seminal vesicles, testis, 
adrenals and thyroids of sacrificed animals were weighed. Three phero-
mone producing glands were studied histologically and histochemically. 
The results reported herein indicated the following: 
1. Behavioral elements: 
a. Isolation-induced aggression was altered with TP treatment, 
castration, preputialectomy and oral angle gland removal. TP-administra­
tion increased the intensity of fighting among males and females, but not 
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the frequency of encounters. Fighting was enhanced by TP administration 
and overwintering but depressed with castration, preputial and oral angle 
gland removal. 
b. Flight activity was highest in groups with high aggression 
scores, except that castrates have low aggression scores but high flight 
activity. 
c. TP administration increased attempted matings in females. 
d. Facial displacement grooming was performed more frequently than 
ano-genital grooming in all groups. 
e. Normal and preputialectomized males explored more than TP-treated 
and castrates. Normal, overwintered and preputialectomized females ex­
plored more than females with their oral angle glands removed. 
f. The amount of nose-nose and face-face contact correlated with the 
amount of interaction between voles. Normal animals investigated more 
than any other group. Face-face interactions were high also in TP-treated 
and overwintering females. 
2. Tissue weights were affected by treatment. 
Preputial gland weights were significantly reduced with castration, 
while TP had no significant effect. Adrenal gland weights of normals, 
TP-treated and castrates were not significantly different, while over­
wintering conditions significantly increased adrenal gland weights. Thy­
roid gland weights were not significantly affected by TP-injection, 
castration or overwintering. Pituitary gland weights were significantly 
increased by TP-injection, castration and overwintering. Oral angle gland 
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weights were significantly reduced by castration, while TP treatment had 
no effect. Harderian gland weights were significantly increased with TP 
treatment, while castration had no effect. Testes weights were reduced 
below those of normals with TP-treatment. TP-treated and overwintered 
females had larger ovaries than normals. Seminal vesicle weights were 
significantly reduced by castration. 
3. Preputial glands are modified sebaceous glands which secrete 
lipids and contain proteinaceous perinuclear granules. TP treatment and 
overwintering increase the number of duct systems which are dilated and 
filled with secretions and show glandular hypertrophy. Castration de­
creases sebum formation and increases the number of cavernous spaces 
filled with secretions. 
4. Harderian glands are compound tubuloalveolar glands which contain 
porphyrins and the large vacuolated alveoli secrete primarily lipids. TP 
treatment and overwintering caused an increase in sebum formation and a 
decrease in prophyrin granules, while castration had the opposite effect. 
5. Oral angle glands are coiled apocrine sudoriferous glands. TP 
administration caused slight cellular hypertrophy. Oral angle gland tis­
sues stained positively for acid mucopolysaccharides. 
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APPENDIX A: RATING SCALE FOR AGGRESSIVENESS 
Aggression is measured in terms of intensity and the occurrence of 
specific acts. Numerical values are given for each intensity level. 
0 - Pays no attention to (makes no overt movement in direction of) the 
other vole. 
1 - Animal shows no interest in test animal except occasional nosing. 
2 - Intermittently moves in the direction of the other vole, showing bit­
ing movements, or threats by the aggressor without actual bites being 
administered; slight boxing toward opponent. 
3 - Frequent, vigorous chasing. Animal assumes the position of readiness 
to fight and occasionally attacks partner. 
4 - Slight wrestling and occasional powerful attacks; attacks partner and 
bites; squeaks from partner. 
5 - The animal follows the partner; fierce wrestling and biting during 
most of the period. 
6 - Fierce wrestling; the animals bite their partners hard enough to draw 
blood or remove hair. Attack covers practically the entire period of 
observation. 
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APPENDIX B: BEHAVIORAL ELEMENTS 
Behavioral elanents are listed below with the behavioral variables 
(and their codes), which serve to make up the element groups. 
1. Aggressive element 
Threat, B-11 
Attack, B-12 
Aggressive groom, B-16 
2. Flight element 
Retreat, B-9 
Flee, B-10 
3. Mating element 
Mount, B-17 
Thrust, B-18 
4. Exploratory element 
Exploration, B-2 
Distance ambivalent approach, B-19 
Displacement Digging, B-21 
5. Displacement element 
Self-groom genitalia, B-5 
Self-groom face, B-6 
6. Investigation of others element 
Face-face, B-3 
Nose-nose, B-4 
Sniff-back of head, B-7 
Sniff-rump/back/side, B-8 
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APPENDIX C: ORCHIDECTOMY 
After anesthesia had been induced with ether, the vole was placed on 
an operating board, on its back. The hair overlying the scrotal area was 
clipped. The area was cleansed with Zephiran Solution. An incision was 
made through the skin of the scrotum and the testis was separated from the 
surrounding tissue by blunt dissection. 
A second incision was made through the transparent tunica vaginalis. 
The epididymi and surrounding fat pad were carefully removed from the 
testicular artery and spermatic cord. A ligature was made around the 
testicular artery and spermatic cord. The testis was removed by a cut 
close to the ligature. The epididymis and epididymal fat pad were placed 
back into the tunica. The tunica vaginalis was stitched with one suture. 
The other testis was removed by the same procedure. The scrotal skin was 
pulled together, at the point of incision, and clamped with a wound clip. 
184 
APPENDIX D: PREPARATION OF TESTOSTERONE PROPIONATE 
Testosterone propionate (Calbicochen, LaJolla, California), 10 mg., 
was dissolved in a few drops of 100% ethyl alcohol. After the alcohol had 
evaporated, 50 ml. of corn oil were added to the testosterone propionate. 
The solution was shaken vigorously to insure complete dissolving and mix­
ing of the hormone in the corn oil. The solution gave a dose concentra­
tion of 10 pg./.05 ml. 
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APPENDIX E: PREPUTIALECTOMY 
The voles were placed in a large jar and anesthesia was induced with 
ether. When the animal had ceased to move or struggle, it was removed and 
placed on an open board. Anesthesia was maintained with an ether cone. 
The hair was shaved from the genital region. 
The area was cleansed with Zephiran Solution and an incision from 1-
1.5 cm. was made in the skin 1 cm. anterior to the prepuce. The preputial 
and surrounding fat were withdrawn, the preputial gland separated from the 
fat and its duct ligated. The preputial gland was removed by a cut close 
to the ligature. The gland on the opposite side was removed using the 
same procedure. The incision through the skin was approximated and closed 
with a single wound clip. 
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APPENDIX F: ORAL GLAND REMOVAL 
The oral angle gland is located in the junction or angle of the upper 
and lower lips of the mouth. The coiled or secretory portion of the 
glands extend posteriorly and deeply into the connective tissue and be­
tween fascicles of skeletal muscle in the cheeks. 
Prior to oral angle gland removal from female voles, anesthesia was 
induced with a 1 gr./cc. body weight, intraperitoneal injection of sodium 
pentabarbitol (Med-Tek. Inc., Kansas). The junction between the upper and 
lower lips was turned inside out with forceps, exposing the oral gland. A 
small incision, approximately 1 cm., was made through the oral epithelium 
and blunt dissection was used to separate the connective tissue surround­
ing the oral gland. The gland was completely withdrawn and the incision 
was carefully closed with one or two sutures. The dissecting microscope 
was employed to observe the area to assure the removal of all glandular 
tissue. 
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APPENDIX G: MODIFIED PROCEDURE FOR ANALYSIS OF 
VOLATILE FATTY ACIDS (Moore and Holdeman, 1975) 
1. To prepare ether extract: 
a. Pipet about 2 ml. acidified centrifuged homogenate of the gland 
into a conical centrifuge tube. 
b. Add 1 ml. ethyl ether; stopper tube. 
c. Mix ethyl ether and homogenate by inverting the tube gently about 
20 times. 
d. Centrifuge briefly to break the ether-homogenate emulsion. 
e. Place in freezing compartment of a refrigerator until the aqueous 
phase is frozen. Pour the ether layer into a small test tube 
(12 X 75 mm.), add anhydrous MgSO^ to equal about one-half the 
volume of ether in the tube, stopper, and let stand at least 10 
minutes. The MgSO^ removes dissolved water from the ether. 
Alternatively: Pipet the ether layer off of the aqueous layer 
without freezing the aqueous phase (use care not to contaminate 
the ether with water). Then add the anhydrous MgSO^ 
2. Inject about 14 microliters of the ether extract into the column. 
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APPENDIX H: ANALYSIS OF VARIANCE TABLES FOR BEHAVIORAL ELE­
MENTS, INDIVIDUAL VOLE BEHAVIOR AND GLAND WEIGHTS 
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Table HI. Analysis of variance for nose-nose behavior in males 
Source df SS MS F 
TRTS 2 25.19 12.60 35.97 (.0001) 
N vs. TP (1) 19.83 19.83 56.65 (.0001) 
Orch vs. (N+TP) (1) 5.36 5.36 15.31 (.0004) 
Error 33 11.55 .35 
Total 35 36.74 
Means: N=2.15, TP=.33, 0=.42 
Table H2. Analysis of variance for face-face behavior in males 
Source df SS MS F 
TRTS 2 7.27 3.64 1.66 (NS) 
N vs. TP (1) NS 
Orch vs. (N+TP) (1) NS 
Error ^ 72.22 2.19 
Total 35 79.49 
Means: N=2.52, TP=3.19, 0=2.10 
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Table H3. Analysis of variance for self-grootn-genitalia behavior in males 
Source df SS MS F 
TRTS 2 13.79 6.89 15.62 (.0001) 
N vs. TP (1) 9.15 9.15 20.73 (.0001) 
Orch vs. (N+TP) (1) 4.64 4.64 10.51 (.003) 
Error ^ 14.57 .44 
Total 35 28.35 
Means: N=2.02, TP=.78, 0=.64 
Table H4. Analysis of variance for self-groom-face behavior in males 
Source df SS MS F 
TRTS 2 10.73 5.37 9.29 (.0006) 
N vs. TP (1) 9.49 9.49 16.43 (.0003) 
Orch vs. (N+TP) (1) 1.24 1.24 2.15 (NS) 
Error 33 19.06 .58 
Total 35 29.79 
Means: N=2.53, TP=1.27, 0=1.51 
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Table H5. Analysis of variance for sniff-back-of-head behavior in males 
Source df SS MS F 
TRTS 2 6.76 3.38 17.94 (.0001) 
N vs. TP (1) 5.47 5.47 29.03 (.0001) 
Orch vs. (N+TP) (1) 1.29 1.29 6.85 (.01) 
Error 33 6.22 .188 
Total 35 12.97 
Means: N=1.31, TP=.36, 0=.43 
Table H6. Analysis of variance for sniff-rump/back/head behavior in males 
Source df SS MS F 
TRT 2 84.57 42.28 26.45 (.0001) 
N vs. TP (1) 65.46 65.46 40.94 (.0001) 
Orch vs. (N+TP) (1) 19.11 19.11 11.95 (.0015) 
Error 33 52.76 1.60 
Total 35 137.33 
Means: N=4.73, TP=1.42, 0=1.53 
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Table H7. Analysis of variance for retreat behavior in males 
Source df SS MS F 
TRTS 2 2.84 1.42 2.76 (.078) 
N vs. TP (1) 1.04 1.04 2.03 (NS) 
Orch vs. (N+TP) (1) 1.80 1.80 3.50 (.07) 
Error 33 16.96 .51 
Total 35 19.80 
Means: N=1.34, TP=1.76, 0=1.08 
Table H8. Analysis of variance for flee behavior in males 
Source df SS MS F 
TRTS 2 10.50 5.25 4.76 (.015) 
N vs. TP (1) .31 .31 <1 
Orch vs. (N+TP) (1) 10.19 10.19 9.24 (.005) 
Error 33 36.41 1.10 
Total 35 46.91 
Means: N=.82, TP=1.05, 0=2.06 
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Table H9. Analysis of variance for threat behavior in males 
Source df SS MS F 
TRTS 2 20.23 10.11 8.79 (.0009) 
N vs. TP (1) 11.03 11.03 9.58 (.004) 
Orch vs. (N+TP) (1) 9.20 9.20 7.99 (.008) 
Error ^ 37.99 1.15 
Total 35 58.21 
Means: N=1.74, TP=3.10, 0=1.35 
Table HID. Analysis of variance for attack behavior in males 
Source df SS MS F 
TRTS 2 1.89 .947 5.53 (.0085) 
N vs. TP (1) 1.28 1.28 7.49 (.0100) 
Orch vs. (N+TP) (1) .61 .61 3.57 (.0675) 
Error 33 5.65 .171 
Total 35 7.54 
Means; N=.83, TP=.37, 0=.33 
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Table Hll. Analysis of variance for aggressive groom behavior in males 
Source df SS MS F 
TRTS 2 17.37 8.69 14.65 (.0001) 
N vs. TP (1) 14.47 14.47 24.41 (.0001) 
Orch vs (N+TP) (1) 2.90 2.90 4.89 (.034) 
Error ^ 19.56 .59 
Total 35 36.93 
Means: N=2.17, TP=.62, 0=.80 
Table H12. Analysis of variance for mounting behavior in males 
Source df SS MS F 
TRTS 2 .524 .262 3.37 (.05) 
N vs. TP (1) .110 .110 <1 
Orch vs. (N+TP) (1) .414 .414 5.32 (.015) 
Error ^ 2.564 .078 
Total 35 3.088 
Means: N=.265, TP=.303, 0=.03 
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Table H13. Analysis of variance for thrusting behavior in males 
Source df SS MS 
TRTS 2 .57 .287 3.52 (.040) 
N vs. TP (1) .31 .31 3.91 (.056) 
Orch vs. (N+TP) (1) .26 .26 3.28 (.077) 
Error 33 2.62 .079 
Total 35 3.19 
Means: N=.068, TP=.295, 0=0.00 
Table H14. Analysis of variance for exploration behavior in males 
Source df SS MS F 
TRTS 2 8.50 4.25 13.40 (.0001) 
N vs. TP (1) 1.89 1.89 5.95 (.020) 
Orch vs. (N+TP) (1) 6.61 6.61 20.88 (.0001) 
Error ^ 10.45 .317 
Total 35 18.95 
Means: N=2.35, TP=1.79, 0=1.16 
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Table HIS. Analysis of variance for distance ambivalent approach behavior 
in males 
Source df SS MS F 
TRTS 2 2.32 1.16 4.09 (.026) 
N vs. TP (1) 1.37 1.37 4.83 (.035) 
Orch vs. (N+TP) (1) .95 .95 3.36 (.076) 
Error ^ 9.34 .28 
Total 35 11.65 
Means: N=1.42, TP=.95, 0=.84 
Table H16. Analysis of variance for displacement digging in males 
Source df SS MS F 
TRTS 2 7.78 3.89 4.12 (.025) 
N vs. TP (1) 6.46 6.46 6.85 (.013) 
Orch vs. (N+TP) (1) 1.32 1.32 1.40 (NS) 
Error ^ 31.12 .94 
Total 35 38.90 
Means: N=2.61, TP=1.57, 0=1.68 
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Table HI7. Analysis of variance of nose-nose behavior in males and 
females 
Source df SS MS F 
TRTS 4 25.81 6.45 18.96 (.0001) 
N vs. TP (1) 8.41 8.41 24.73 (.0001) 
Sex (1) 2.52 2.52 7.41 (.009) 
(N vs. TP) X Sex (1) 11.55 11.55 33.97 (.0001) 
Orch vs. rest (1) 3.33 3.33 9.79 (.001) 
Error 18.72 .34 
Total 59 44.53 
Means: Males: N=2.15, TP=.33, 0=.42 
Females: N=.71 , TP=.86 
Table H18. Analysis of variance for face-face behavior in males and 
females 
Source df SS MS F 
TRTS 4 30.02 7.50 2.55 (.05) 
N vs. TP (1) 18.07 18.07 6.15 (.02) 
Sex (1) .80 .80 <1 
(N vs. TP) X Sex (1) 3.67 3.67 1.25 (NS) 
Orch vs. rest (1) 7.52 7.52 2.56 (NS) 
Error 55 161.80 2.94 
Total 59 191.82 
Means: Males: N=2.52, TP=3.19, 0=2.10 
Females: N=2.22, TP=4.00 
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Table HI9. Analysis of variance for self-groom-genitalia in males and 
females 
Source df SS MS F 
TRTS 4 18.77 4.69 11.84 (.0001) 
N vs. TP (1) 9.11 9.11 23.00 (.0001) 
Sex (1) 6.61 6.61 16.69 (.0001) 
(N vs. TP) X Sex (1) 1.59 1.59 4.00 (.05) 
Orch vs. rest (1) 1.47 1.47 3.71 (.06) 
Error 21.80 .396 
Total 59 40.57 
Means: Males: N=2.02, TP=.78, 0=.64 
Females: N=.91 , TP=.40 
Table H20. Analysis of variance for self-groom-face behavior in males and 
females 
Source df SS MS F 
TRTS 4 13.28 3.32 5.05 (.0015) 
N VS. TP (1) 9.59 9.59 14.60 (.0001) 
Sex (1) .15 .15 <1 
(N vs. TP) X Sex (1) 1.59 1.59 2.42 (NS) 
Orch vs. rest (1) 1.95 1.95 2.97 (.09) 
Error 55 36.13 .657 
Total 59 49.41 
Means: Males: N=2.53, TP=1.27, 0=1.51 
Females: N=2.28, TP=1.75 
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Table H21. Analysis of variance for sniff-back-of-head behavior in males 
and females 
Source df SS MS F 
TRTS 4 10.21 2.55 16.70 (.0001) 
N vs. TP (1) 4.52 4.52 29.54 (.0001) 
Sex (1) 4.19 4.19 27.39 (.0001) 
(N vs. TP) X Sex (1) 1.39 1.39 9.10 (.004) 
Orch vs. rest (1) .11 .11 <1 
Error 55 8.41 .153 
Total 59 18.62 
Means: Males: N=1.31, TP=.36, 0=.43 
Females: N=.38, TP=.ll 
Table H22. Analysis of variance for sniff-rump-back-side behavior in 
males and females 
Source df SS MS F 
TRTS 4 106.45 26.6 19.11 (.0001) 
N vs. TP (1) 41.85 41.85 30.10 (.0001) 
Sex (1) 35.33 35.33 25.42 (.0001) 
(N vs. TP) X Sex (1) 24.73 24.73 17.79 (.0001) 
Orch vs. rest (1) 4.54 4.54 3.27 (.08) 
Error 55 76.58 1.39 
Total 59 183.03 
Means: Males: N=4. 73, TP=1.42, 0= =1.53 
Females: N= 1.58, TP=1.14 
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Table H23. Analysis of variance for retreat behavior in males and females 
Source df SS MS F 
TRTS 4 9.34 2.33 4.84 (.002) 
N vs. TP (1) 5.70 5.70 11.87 (.0001) 
Sex (1) .12 .12 <1 
(N vs. TP) X Sex (1) .89 .89 1.85 (NS) 
Orch vs. rest (1) 2.63 2.63 5.48 (.025) 
Error 55 26.52 .48 
Total 59 35.86 
Means: Males: N=1.34, TP=1.76, 0=1.08 
Females: N=1.17, TP=2.13 
Table H24. Analysis of variance for flee behavior in males and females 
Source df SS MS F 
TRTS 4 20.83 5.21 2.03 (NS) 
N vs. TP (1) .01 .01 <1 
Sex 0) 17.41 17.41 6.50 (.015) 
(N vs. TP) X Sex (1) .75 .75 <1 
Orch vs. rest (1) 2.66 2.66 =1 (NS) 
Error 141.15 2.57 
Total 59 161.98 
Means: Males: N=.82, TP=1.05, 0= =2.06 
Females: N=2. 27, TP=2.00 
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Table H25. Analysis of variance for threat behavior in males and females 
Source df SS MS F 
TRTS 4 37.70 9.43 6.89 (.0001) 
N vs. TP (1) 28.10 28.10 20.51 (.0001) 
Sex (1) 1.10 1.10 <1 
(N vs. TP) X Sex (1) .36 .36 <1 
Orch vs. rest (1) 8.14 8.14 5.94 (.02) 
Error ^ 75.21 1.37 
Total 59 112.91 
Means: Males: N=1.74, TP=3.10, 0=1.35 
Females: N=1.27, TP=2.97 
Table H26. Analysis of variance for attack behavior in males and f anal es 
Source df SS MS F 
TRTS 4 2.21 .55 3.53 (.01) 
N vs. TP (1) .21 .21 1.35 (NS) 
Sex (1) .35 .35 2.20 (NS) 
(N vs. TP) X Sex (1) 1.30 1.30 8.28 (.006) 
Orch vs. rest (1) .35 .35 2.20 (NS) 
Error 8.63 .157 
Total 59 10.84 
Means: Males: N=.83 , TP=.37, 0= .33 
Females: N=. 33, TP=.53 
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Table H27. Analysis of variance for aggressive groom behavior in males 
and females 
Source df SS MS F 
TRTS 4 26.79 6.70 12.11 (.0001) 
N vs. TP (1) 16.44 16.44 29.89 (.0001) 
Sex (1) 8.26 8.26 15.01 (.0001 ) 
(N vs. TP) X Sex (1) 1.76 1.76 3.20 (.08) 
Orch vs. rest (1) .33 .33 <1 
Error 30.42 .55 
Total 59 57.21 




Females: N= .96, TP=.17 
Table H28. Analysis of variances for mounting behavior in males and 
females 
Source df SS MS F 
TRTS 4 13.85 3.46 10.16 (.0001) 
N VS. TP (1) 5.39 5.39 15.85 (.0001) 
Sex (1) 1.76 1.76 5.18 (.03) 
(N vs. TP) X Sex (1) 4.80 4.80 14.11 (.0001) 
Orch vs. rest (1) KO O 1.90 5.59 (.02) 
Error 18.75 .34 
Total 59 32.60 
Means: Males: N=.265, TP=.303, 0= =.030 
Females: N-.015, TP=1.32 
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Table H29. Analysis of variance for thrusting behavior in males and 
females 
Source df SS MS F 
TRTS 4 52.63 13.16 11.76 (.0001) 
N vs. TP (1) 20.97 20.97 18.72 (.0001) 
Sex (1) 12.64 12.64 11.29 (.0001) 
(N vs. TP) X Sex (1) 14.38 14.38 12.84 (.0001) 
Orch vs. rest (1) 4.64 4.64 4.14 (.05) 
Error 61.52 1.12 
Total 59 114.15 
Means: Males: N=. 265, TP=.303, 0= .030 
Females: N =,015, TP=1.318 
Table H30. Analysis of variance for exploratory behavior in males and 
females 
Source df SS MS F 
TRTS 4 10.04 2.51 9.21 (.0001) 
N vs. TP (1) .11 .11 <1 
Sex (1) 3.33 3.33 12.24 (.0001) 
(N vs. TP) X Sex (1) 2.60 2.60 9.56 (.0001) 
Orch vs. rest (1) 4.01 4.01 14.74 (.0001) 
Error 55 14.99 2.72 
Total 59 25.03 
Means: Males: N=2.35, TP=1.79, 0=1.16 
Females: #=1.36, TP=1.73 
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Table H31. Analysis of variance for distance-ambivalents behavior in 
males and females 
Source df SS MS F 
TRTS 4 2.45 .61 2.22 (.08) 
N vs. TP (1) .73 .73 2.64 (NS) 
Sex (1) .004 .004 <1 
(N vs. TP) X Sex (1) .64 .64 2.34 (NS) 
Orch vs. rest (1) 1.08 1.08 4.00 (.05) 
Error ^ 15.18 .276 
Total 59 17.63 
Means: Males: N=1.42, TP=.95, 0=.84 
Finales: N=1.17, TP=1.16 
Table H32. Analysis of variance for displacement digging in males and 
females 
Source df SS MS F 
TRTS 4 17.91 4.48 5.14 (.0014) 
N vs. TP (1) 14.18 14.18 16.30 (.0001) 
Sex (1) 3.52 3.52 4.05 (.05) 
(N vs. TP) X Sex (1) O CO C
O o
 <1 
Orch vs. rest (1) .18 .18 <1 
Error 55 47.85 .87 
Total 59 65.76 
Means: Males: N=2.61, TP=1.57, 0=1.68 
Females: N=2.11, TP=.98 
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Table H33. Analysis of variance for aggressive elements of behavior for 
controls and all treatment groups 
Source df SS MS F 
TRT 7 1350.6 192.9 9.05 (.0001) 
cf (1) 6-8 6.8 <1 
C2^ (1) 224.1 224.1 10.50 (.001) 
C3^ (1) 103.7 103.7 4.86 (.030) 
C4^ (1) 178.3 178.3 8.36 (.005) 
C5® (1) 26.7 26.7 =1 
C6^ (1) 9.7 9.7 <1 
cyG (1) 801.2 801.2 37.58 (.0001) 
Error 1855.1 21.3 




N vs. TP. 
II o
 Sex for N + TP = (NO + TO) vs. (N1 + Tl). 
II C
O (_) o (Sex) X (N vs. TP) = (NO + Tl) vs. (N1 + TO). 
^C4 = 0 vs. other = 0 vs. (NO, TO, N1 + Tl). 
®C5 = PO vs. PI. 
^C6 = Ml vs. (PO + PI). 
^C7 = (Ns, TP's + 0) vs. (P's + Ml). 
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Table H34. Analysis of variance for flight elements of behavior for con­
trols and all treatment groups 
Source df ss MS F 
TRT 7 770.400 110.060 3.27 (.005) 
CI (1) 58.700 58.700 1.74 (NS) 
C2 (1) 224.100 224.100 6.62 (.01) 
C3 (1) .070 .070 <1 
C4 (1) .001 .001 <1 
C5 (1) 94.600 94.600 2.80 (NS) 
C6 (1) 9.940 9.940 <1 
C7 (1) 383.000 383.000 11.30 (.0001) 
Error 31 2943.600 33.830 
Total 94 3713.96 
Table H35. Analysis of variance for mating elements of behavior for con­
trols and all treatment groups 
Source df SS MS F 
TRT 7 1504.20 214.90 11.79 (.0001) 
CI (1) 52.40 524.00 28.74 (.0001) 
C2 (1) 262.10 262.10 14.38 (.0001) 
C3 (1) 393.80 393.80 21.60 (.0001) 
C4 (1) 137.30 137.30 7.53 (.008) 
C5 (1) 0.01 0.01 <1 
C6 (1) 4.87 4.87 <1 
C7 (1) 182.00 182.00 9.98 (.002) 
Error §l 1585.70 18.23 
Total 94 3089.9 
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Table H35. Analysis of variance for exploratory elements of behavior for 
controls and all treatment groups 
Source df SS MS F 
TRT 7 1279.1 182.7 6.24 (.0001) 
CI (1) 269.2 269.2 9.19 (.003) 
C2 0) 156.0 156.0 5.32 (.025) 
C3 0 )  55.4 55.4 1.89 (NS) 
C4 (1) 131.4 131.4 4.48 (.04) 
C5 (1) 233.0 233.0 7.95 (.006) 
C6 (1) 128.1 128.1 4.37 (.04) 
C7 (1) 306.0 306.0 10.44 (.0001) 
Error 87 2552.7 29.3 
Total 94 3831.7 
Table H37. Analysis of variance for self-grooming elements of behavior 
for controls and all treatment groups 
Source df SS MS F 
TRT 7 941.50 134.50 • 8.07 (.0001) 
CI (1) 411.30 411.30 _ 24.69 (.0001) 
C2 (1) 52.20 52.20 3.13 (.09) 
C3 (1) 69.90 69.90 4.20 (.04) 
C4 (1) 74.70 74.70 4.48 (.04) 
C5 (1) .74 .74 <1 
C6 (1) 66.80 66.80 4.01 (.05) 
C7 (1) 266.00 266.00 15.97 (.0001) 
Error 87 1449.40 16.66 
Total 94 2390.9 
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Table H38. Analysis of variance for investigation (of other animals) ele­
ments of behavior for controls and all treatment group 
Source df SS MS F 
TRT 7 6300.7 900.1 9.18 (.0001) 
CI (1) 577.1 577.1 5.88 (.02) 
C2 (1) 830.0 830.0 8.46 (.005) 
C3 (1) 1446.7 1446.7 14.75 (.0001) 
C4 (1) 541.8 541.8 5.52 (.02) 
C5 (1) 395.2 395.2 4.03 (.05) 
C6 (1) 3.3 3.3 <1 
C7 (1) 2406.5 2506.5 25.50 (.0001) 
Error il 8536.8 98.1 
Total 94 14837.5 
Table H39. Means for each behavioral activity by individual preputial-
ectomized males during a complete round-robin® 
Animal 
Number B-11 B-12 B-T6 B-9 B-10 B-17 B-18 B-2 
1 0.82 0.18 0 1.00 0 0 0.45 1.82 
2 1.55 0 0 0.36 0.36 0 0 1.36 
3 0.73 0 0 0.45 0.18 0 0 1.09 
4 1.55 0.35 0 0 0.73 0 0 0.36 
5 2.00 1.64 0 0.18 2.64 0 0 1.27 
6 2.82 0.18 0 1.45 5.55 0 0 0.64 
7 0.36 0 0 0.90 4.45 0 0 0.73 
8 4.00 2.00 0 3.64 2.91 0 0 0.73 
9 1.27 0 0 0.91 0.18 0 0 1.00 
10 1.27 0 0 0.82 0.91 0 0 1.36 
11 1.55 0.18 0 0.73 0.18 0 0 1.18 
12 3.55 0.18 0 0.18 0 0 0 1.27 
B-ll=threat; B-12=attack; B-16=aggressive groom; B-9=retreat; 
B-10=flee; B-17=mount; B-18=thrust; B-2=explore; B-19=dis amb. appro.; 
B-21=dis-digging; B-5=self-groom genitalia; B-6=self-groom face; B-3= 
nose-nose; B-4=face-face; B-7=sniff-head-back; B-8=sniff-back-rump-
side. 
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B-19 B-21 B-5 B-6 B-3 B-4 B-7 8—8 
0.82 5.64 0.55 0.45 1.18 1.00 0 0.64 
0.91 3.36 0 0.73 0.18 0.27 0.18 0.18 
1.64 6.18 0.73 2.90 2.36 0.64 0.36 0.55 
CO
 
2.36 0.27 1.27 0.27 0.09 0 0 
1.90 5.55 0.18 0.55 0 0-18 0.09 0.09 
0.82 8.18 0 0.73 0.09 0.09 0 0 
0.73 1.90 0 0.18 0 0 0 0 
1.36 5.82 0.09 0.36 0.36 0.73 0 0 
2.55 2.91 0.72 1.55 3.18 0.91 0.91 1.27 
1.45 4.00 0 2.45 0.27 0.45 0 0.18 
2.00 4.91 0.09 1.45 1.09 0.82 0.09 1.09 
0.27 4.55 0.45 1.55 1.36 0.73 0.09 0.64 
Table H40. Means for each behavioral activity by individual orchid-
ectomized males during a complete round-robin 
Animal 
Number B-11 B-12 B-16 8-9 8-10 B-17 B-18 B-2 
1 1.45 .09 1.36 1.82 3.45 0 0 1.64 
2 2.27 .73 1.81 .54 3.09 .09 0 1.55 
3 3.45 .09 .63 1.0 .90 0 0 1.18 
4 1.45 .18 .27 1.64 .90 0 0 1.09 
5 .54 1.27 0 1.45 3.27 0 0 .73 
6 1.45 .54 .27 .73 .82 0 0 1.0 
7 .27 .45 1.0 .64 .27 0 0 2.0 
8 .54 .09 1.0 1.36 1.82 0 0 .90 
9 .27 .27 1.09 .72 2.91 .09 0 1.18 
10 2.27 .09 .27 1.82 2.73 0 0 1.0 
11 1.54 .00 .27 1.0 .09 .18 0 .90 
12 .63 .09 1.55 .18 4.45 0 0 .72 
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1.27 .18 1.73 0 .55 
1-45 2.0 .63 1.27 .81 3.55 1.45 4.27 
.63 3.36 .54 1.0 .09 2.0 .54 1.54 
1.0 .72 .72 1.45 .45 3.18 .09 .90 
1.18 1.55 .27 1.09 .18 1.0 .00 0 
1.0 1.82 .36 1.45 .18 .72 .09 .90 
1.27 3.73 .63 1.81 1.09 4.36 .09 3.0 
1.36 2.36 1.0 1.27 .72 1.18 .45 1.09 
.63 .63 .27 1.36 .63 2.81 .36 2.0 
.54 1.45 .27 1.54 0 1.09 .18 .45 
CM 
1.27 2.18 3.18 .54 2.54 .72 2.91 
.27 .36 .45 1.36 .18 1.0 .36 1.55 
Table H41. Means for each behavioral activity by individual females 
with oral angle gland removed during a complete round-robin 
Animal 
Number B-11 B-12 B-16 B-9 B-10 B-17 B-18 B-2 
1 1.20 0 0 1.10 2.10 0 .10 .40 
2 .20 0 .20 .40 3.60 1.0 .60 1.10 
3 1.90 0 0 1.00 1.10 0 0 .60 




0 0 .60 
5 3.0 0 0 .10 .90 0 0 .40 








.60 0 .10 .90 




 1.80 0 0 .40 









 4.70 0 0 1.00 
11 .20 0 .10 .70 .20 0 0 .20 
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B-19 B-21 B-5 B-6 B-3 B-4 B-7 B—8 









1.20 1.20 1.10 .40 1.80 
.60 6.90 .60 1.40 .50 .70 .40 .60 
.50 2.10 .90 1.80 .20 .70 .80 .60 
0 1.10 .40 .90 .00 .20 .20 .0 
1.20 2.90 1.50 1.90 .90 1.40 .90 .90 
1.90 4.40 .40 .30 1.10 2.00 .80 1.40 
















.60 5.90 1.90 2.10 1.0 2.70 1.80 2.90 
Table H42: Means for each behavioral activity by individual overwin­
tering females during a complete round-robin 
Animal 
Number B-ll B-12 B-16 B-9 B-10 B-17 B-18 B-2 
1 5.18 0.00 .54 .73 0 0 0 1.45 
2 5.27 0.27 1.54 1.45 .18 0 0 2.27 
3 4.18 .36 .36 .27 .09 0 0 .63 
4 1.64 .09 .90 .90 *6.72 0 0 2.0 
5 1.45 .18 0 2.45 .18 0 0 1.90 
6 4.82 .45 0 1.09 2.73 0 0 1.36 
7 5.35 .00 
CO vo 
.09 2.18 0 0 1.64 
8 9.64 .45 1.09 .45 1.90 0 0 1.0 
9 3.73 .18 1.27 1.0 2.36 0 0 1.82 
1 0  4.90 .36 1.81 1.90 .45 .90 0 1.64 
11 3.27 .18 1.09 .90 cn
 
.90 0 2.36 
12 3.91 .27 .27 .90 *3.0 0 0 2.27 
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B-19 B-21 B-5 B-5 B-3 B-4 B-7 B-8 
1.36 2.82 1.09 1.36 2.27 3.36 .27 3.27 
4.73 3.27 .45 .90 1.45 3.09 .18 3.18 
1.64 .82 .54 .81 2.90 *6.27 .27 3.27 
4.73 .63 .45 2.0 .18 1.0 1.0 1.45 
1.27 *6.54 1.00 *3.27 .27 2.90 .09 .27 
3.73 3.0 .81 1.73 .27 1.63 .00 .18 
.90 .45 .45 2.55 .27 1.27 .36 1.91 
1.27 1.0 .18 1.18 .54 2.54 .18 1,36 
1.64 .90 .54 1.18 .45 3.45 .72 2.63 
1.09 2.27 .36 1.72 *5.73 *7.81 *2.0 *5.36 
2.64 1.18 1.0 1.45 1.90 *6.0 1.0 2.36 
4.82 2.45 .36 1.18 .27 1.18 .09 .81 
Table H43. Means for each behavioral activity by individual testoster­
one propionate males during a complete round-robin 
Animal 
Number B-11 B-12 B-16 B-9 B-10 B-17 B-18 B-2 
1 2.63 0.18 0.27 1.91 0.72 1.18 1.36 1.73 
2 3.09 0.63 1.45 0.55 3.45 .00 0.00 1.36 
3 3.09 0.54 0.45 2.00 1.18 0.36 0.64 1.27 
4 2.09 0.72 0.45 3.55 1.54 0.64 0.73 3.36 








 0.36 0.73 0.82 1.45 
7 4.55 1.00 0.18 1.55 1.27 0.00 0.00 1.82 
8 4.82 0.18 0.00 1.09 0.09 0.00 0.00 1.73 
9 3.64 0.45 0.81 1.55 1.27 0.00 0.00 1.64 
10 3.18 0.18 0.55 1.64 0.18 0.45 0.00 1.82 
11 1.18 0.00 0.00 2.91 0.73 0.00 0.00 2.18 
12 1.45 0.00 0.00 1.64 0.27 0.00 0.00 2.09 
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B-19 B-21 B-5 B-6 B-3 B-4 B-7 B-8 
0.36 2.55 0.45 0.36 0.54 1.55 0.45 1.55 
0.90 1.18 0.27 0.64 0.09 2.63 0.00 1.27 
0.81 0.90 0.45 0.91 0.64 5.55 0.45 2.09 
2.63 3.00 0.18 0.55 0.45 6.09 0.18 1.09 
0.73 0.73 0.09 0.45 0.36 3.09 1.18 1.27 
0.90 1.45 2.45 2.36 0.36 3.55 0.73 2.64 
1.36 2.27 0.90 1.54 0.00 4.09 0.09 0.45 
0.55 1.27 1.00 1.73 0.00 1.45 0.00 0.82 
1.00 0.63 0.73 2.27 1.00 6.82 0.64 3.09 
0.82 1.64 1.82 2.18 0.55 2.91 0.55 2.45 




0.00 0.18 0.00 0.27 
0.27 1.36 0.63 1.27 0.00 0.36 0.00 0.09 
Table H44. Means for each behavioral activity by individual normal 
males during a complete round-robin 
Animal 
Number B-11 B-12 B-16 B-9 B-10 B-17 B-18 B-2 
1 1.09 .18 2.45 1.73 .09 
cn o
 0 2.0 
2 2.73 .90 1.81 .63 .63 .27 *.45 3.27 
3 1.45 .54 1.18 .63 .45 .09 .0 1.55 
4 1.09 .27 2.45 1.73 .73 .45 .09 3.45 
5 2.45 1.36 1.63 .63 1.27 .00 .09 1.36 
5 3.09 1.54 3.54 .54 1.64 .36 0 3.09 
7 3.55 1.63 .36 *3.0 2.27 .09 0 2.81 
8 1.18 1.00 1.54 1.18 .18 .09 0 2.0 
9 2.45 1.27 3.09 2.09 .90 1.00 0 2.27 
10 .72 .54 3.0 1.36 -36 .27 0 2.18 
11 .36 .45 3.27 1.90 .45 .0 0 2.09 
12 .72 .27 1.72 .63 .81 .45 .18 2.09 
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B-19 B-21 B-5 B-6 B-3 B-4 B-7 B—8 
1.81 3.90 2.27 2.0 2.90 3.09 1.27 5.55 
1.90 1.27 1.55 1.91 3.18 2.91 1.73 4.64 
.54 2.0 1.55 2.18 2.0 2.82 1.00 4.27 
1.45 3.27 1.90 2.27 1.81 1.82 1.27 4.55 
.72 1.45 2.27 3.73 1.00 3.36 .90 3.09 
1.0 2.55 2.55 4.27 2.81 3.09 2.27 6.00 
2.27 3.18 1.27 1.90 .90 3.00 .27 3.73 
1.18 4.09 2.0 2.90 1.00 1.90 1.27 2.82 
.90 4.09 1.55 1.73 3.64 1.45 1.45 6.09 
1.81 1.09 1.55 1.36 1.73 2.09 1.18 7.36 
2.00 2.00 1.63 2.27 2.73 1.45 1.63 5.82 
1.36 2.36 *4.00 3.81 2.09 3.18 1.45 2.28 
Table H45. Means for each behavioral activity individual testosterone 
propionate treated females during a complete round-robin 
Animal 
Number B-11 B-12 B-16 B-9 B-10 B-17 B-18 B-2 
1 3.45 1.45 0.00 1.81 0.55 0.18 0.00 1.36 
2 3.45 0.09 0.18 1.91 0.73 0.18 0.00 1.63 
3 6.45 0.18 0.09 1.27 1.36 2.91 5.55 1.00 
4 2.45 0.90 0.27 3.09 1.64 0.64 1.09 2.73 
5 1.36 0.45 0.00 2.36 0.27 1.27 3.36 1.91 
6 1.18 0.09 0.18 2.09 3.09 0.00 0.27 2.82 
7 2.73 0.54 0.73 
CO 
0.45 3.09 3.82 1.45 
8 2.55 0.90 0.27 1.64 4.91 2.90 3.36 1.91 
9 0.90 0.27 0.00 4.09 4.82 0.90 2.09 1.09 
10 1.27 0.36 0.18 1.27 0.18 2.64 5.90 1.18 
11 3.36 0.55 0.09 2.45 3.72 0.36 0.81 1.63 
12 5.45 0.55 0.09 1.81 2.27 0.73 0.72 1.36 
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B-19 B-21 B-5 B-6 B-3 B-4 B-7 B-8 
0.73 0.27 0.36 2.45 0.00 4.18 0.09 0.45 
0.54 0.55 0.18 1.45 1.27 4.45 0.36 0.82 
1.73 1.00 0.18 1.36 0.36 1.55 0.09 0.00 
1.36 0.36 0.36 2.45 1.27 2.18 0.00 2.00 
0.18 0.90 0.09 2.00 0.55 9.18 0.00 1.73 
1.64 0.81 0.27 1.64 0.00 1.09 0.00 0.45 
1.09 *4.09 1.18 1.45 2.09 *7.00 0.36 3.27 
1.00 0.54 0.09 1.55 0.55 3.54 0.00 0.90 
2.73 0.18 0.09 0.65 0.09 1.64 0.00 0.36 
0.54 0.81 1.48 3.90 0.72 4.27 0.27 1.45 
1.00 1.09 0.18 1.09 2.18 5.81 0.09 1.09 
1.36 1.09 0.36 1.00 1.18 3.09 0.00 1.18 
Table H46. Means for each behavioral activity by individual preputial-
ectomized males during a complete round-robin 
Animal 
Number B—11 B-12 B-16 B-9 3-10 B—17 B-18 B-2 
1 0.18 0.09 0.63 0.18 0.90 0 0 0.91 
2 1.36 0.09 0.55 0.36 0.45 0 0 1.36 
3 1.00 0 0.82 0.91 0 0 0 0.45 













 1.27 0.18 0 0 1.36 










 0.55 0.36 0.45 0 0 0.64 
9 0.91 0.36 0.18 2.18 1.09 0 0 1.27 
10 1.91 0.09 0 0.91 0.36 0 0 0.91 
11 1.00 0.18 0.91 0.73 0.55 0 0 0.91 
12 2.09 .00 0.36 0.18 0.09 0 0 0.55 
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B-19 B-21 B-5 B-6 B-3 B-4 B-7 B-8 
0.90 0.64 0 0.45 1.73 0.45 0.64 1.21 
1.18 4.45 0.09 0.82 2.64 1.09 1.09 1.09 
1.09 4.82 0.36 1.45 3.82 1.09 1.82 1.27 
0.18 4.36 0.36 2.27 0.27 0.27 0 0 
1.18 6.18 0 0.91 1.36 0.64 1.36 0.73 
1.36 2.82 1.18 1.09 0 0 0.09 0 





1.36 3.64 0.18 0.45 1.00 0.45 0.73 0.73 
0.82 1.18 0.27 0.55 1.27 0.91 0.64 1.18 
0.91 4.82 0.27 1.91 0.27 0.55 0 0 
0.45 2.09 0.91 1.00 7.00 3.36 2.73 
CO 
0.73 3.36 1.09 2.00 2.00 0.55 1.09 0.45 
Table H47. Means for each behavioral activity by individual normal fe­
males during a complete round-robin 
Animal 
Number B-11 B-12 B-16 B-9 B-10 8-17 B-18 B-2 
1 2.55 1.18 .27 1.45 .18 0 0 CO
 
2 2.27 .36 2.36 1.27 1.18 0 0 1.73 
3 .91 .54 3.27 1.36 .54 0 0 1.45 
4 .36 .27 .72 .45 .18 0 0 1.73 
5 .90 .54 1.55 2.00 1.63 0 0 .90 
6 .63 .09 .36 .90 *7.54 0 0 1.09 
7 1.55 .45 .27 .90 2-72 0 0 1.09 
8 1.55 .09 .27 .73 *7.09 0 0 1.00 




2-0 0 0 1.27 
10 .18 .09 1.09 .81 .18 0 0 1.36 
11 .72 .00 .18 1.09 3.0 0 0 l.:4 
12 1.00 .00 .45 2.00 1.0 .18 0 1.27 
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B-19 B-21 B-5 B-6 B-3 B-4 B-7 B-8 
1.27 2.0 .18 2.18 .90 4.09 0 .90 
1.36 2.09 .54 1.45 .63 4.45 .27 2.18 
.81 2.90 .73 3.55 1.36 3.54 1.27 2.64 
.63 1.55 1.90 2.55 .54 2.18 .36 2.64 
1.36 1.18 .45 2.27 .63 1.73 .90 1.81 
1.27 1.27 .18 .81 .27 .18 .18 0 
1.54 2.27 1.27 1.73 .54 4.36 .18 2.55 
1.27 3.0 1.18 1.91 1.00 .81 .36 .27 
.90 2.90 2.36 4.09 .45 1.27 .09 .81 
1.00 2.18 .36 2.81 .63 1.18 0 .55 
1.36 2.73 .81 2.18 .91 .64 0 .81 
1.27 1.27 .90 1.81 .64 2.18 .90 3.73 
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Table H48. Analysis of variance for difference between pituitary weights 
before and after treatment^ 
Source df Mean square F value Prob >F 
Between group treatment 4 17.5 3.26 .017 
N vs. TP 1 42.7 8.06 .003 
Sex 1 20.5 3.87 .050 
N + TP vs. Sex 1 4.7 <1 
Orch vs. Rest 1 2.1 <1 
Error (within groups) 55 5.3 
^Treatment groups: 
trated. 
N=control; TP=Testosterone propionate; Orch-cas-
Table H49. Analysis of variance for difference between thyroid weights 
before and after treatment 
Source df Mean square V value Prob >F 
Between group treatment 4 75.6 3.20 .020 
N vs. TP 1 8.3 <1 NS 
Sex 1 133.8 5.67 .020 
N + TP vs. Sex 1 98.7 4.18 .050 
Orch vs. Rest 1 61.7 2.60 NS 
Error (within groups) 55 23.6 
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Table H50. Analysis of variance for difference between oral angle gland 
weights before and after treatment 
Source df Mean square F value Prob >F 
Between group treatments 4 1886.0 1.95 NS 
N vs. TP 1 3.0 <1 NS 
Sex 1 919.0 <1 NS 
N + TP vs. Sex 1 26.0 <1 NS 
Orch vs. Rest 1 6595.0 6.81 .015 
Error (within groups) 55 969.0 
Table H51. Analysis of variance for difference between Harderian weights 
before and after treatment 
Source df Mean square F value Prob >F 
Between group treatments 4 5843.0 2.53 .050 
N vs. TP 1 20766,0 8.98 .005 
Sex 1 2106.0 <1 NS 
N + TP vs. Sex 1 497.0 <1 NS 
Orch vs. Rest 1 3.0 <1 NS 
Error (within groups) 55 2313.0 
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Table H52. Analysis of variance of difference between preputial weights 
before and after treatment 
Source df Mean square F value Prob >F 
Between group treatment 4 80028. 0 16.65 .0001 
N vs. TP 1 224. 0 <1 NS 
Sex 1 315422. 0 65.8 .0001 
N + TP vs. Sex 1 2429. ,0 <1 NS 
Orch vs. Rest 1 1035. ,0 <1 NS 
Error (within groups) 55 4806. 0 
Table H53. Analysis of variance of difference between adrenal weights be­
fore and after treatment 
Source df Mean square F value Prob >F 
Between group treatment 4 129.0 1.01 NS 
N vs. TP 1 231.4 1.80 NS 
Sex 1 249.2 1.94 NS 
N + TP vs. Sex 1 24.8 <1 NS 
Orch vs. Rest 1 10.7 <1 
Error (within groups) 55 128.3 
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Table H54. Analysis of variance for difference between pituitary weights 
before and after treatment 
Source df 
Between group treatment 5 
N vs. TP 1 
Sex 1 
Sex vs. (N vs. TP) 1 
(Orch + OW) vs. Rest 2 
Error (within groups) 66 
Mean square F value Prob >F 
18.20 3.66 .006 
42.70 8.61 .005 
20.50 4.13 .050 
4.70 <1 NS 
11.50 2.32 NS 
4.96 
Table H55. Analysis of variance for difference between oral angle gland 
weights before and after treatment 
Source df Mean square F value Prob >F 
Between group treatment 5 1508.7 1.75 NS 
N vs. TP 1 3.1 <1 NS 
Sex 1 919.2 =1 NS 
Sex vs. (N vs. TP) 1 25.6 <1 NS 
(Orch + OW) vs. Rest 2 3297.6 3.83 .025 
Error (within groups) 66 860.3 
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Table H56. Analysis of variance for difference between Harderian weights 
before and after treatment 
Source df Mean square F value Prob >F 
Between group treatment 5 4805.3 2.13 .07 
N vs. TP 1 20766.0 9.19 .004 
Sex 1 2106.0 <1 NS 
Sex vs. (N vs. TP) 1 497.0 <1 NS 
(Orch + OW) vs. Rest 2 329.0 <1 NS 
Error (within groups) 66 2259.8 
Table H57. Analysis of variance for difference between preputial weights 
before and after treatment 
Source df Mean square F value Prob >F 
Between group treatment 5 77900.0 19.3 .0001 
N vs. TP 1 224.0 <1 NS 
Sex 1 316422.0 78.4 .0001 
Sex vs. (N vs. TP) 1 2429.0 <1 NS 
(Orch + OW) vs. Rest 2 35212.0 8.7 .005 
Error (within groups) 66 4036.3 
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Table H58. Analysis of variance for difference between adrenal weights 
before and after treatment 
Source df Mean square F value Prob >F 
Between group treatment 5 1715.0 8.12 .0001 
N vs. TP 1 231.0 =1 NS 
Sex 1 249.2 =1 NS 
Sex vs. (N vs. TP) 1 24.8 <1 NS 
(Orch + OW) vs. Rest 2 4034.7 19.1 .0001 
Error (within groups) 66 211.2 
Table H59. Analysis of variance for difference between thyroid weights 
before and after treatment 
Source df Mean square F value Prob >F 
Between group treatment 5 60.8 2.66 .03 
N vs. TP 1 8.3 <1 NS 
Sex 1 133.8 5.87 .02 
Sex vs. (N vs. TP) 1 98.7 4.33 .04 
(Orch + OW) vs. Rest 2 31.6 1.38 NS 
Error (within groups) 66 22.8 
